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This  thesis  studies  the  problem  of  iiulyiing  ths  wart  ism 
performance  of  ths  Alaskan  theater  airlift  system.  Alaska  is  of 
particular  interest  in  this  respeot  because  airlift  is  the  primary 
■cans  of  movement  for  the  theater;  this  is  in  contrast  to  Europe, 
where  several  alternate  transportation  systems  are  available. 

To  etamine  the  performance  of  the  Alaskan  airlift  system,  a 
simulation  model  was  created  using  the  SLAM  simulation  language. 
The  model  was  designed  to  be  used  for  further  study  and 
lnoorporates  a  number  of  features  designed  to  enhance  ease  of  use. 
The  model  allows  mueh  flexibility  in  determination  of  scenarios 
against  an  overall  baokground  of  wartime  operation.  In  general, 
the  model  centralises  the  system  around  a  home  base  and  oiroulates 
airoraft  through  a  network  of  five  bases  representing  the  Mlor 
types  of  bases  expeoted  to  be  of  oonoern  in  the  theater. 

To  sixnil taneously  demonstrate  the  use  of  the  model  and 
perform  an  introductory  analysis,  a  speoiflo  soenario  is  created 
reflecting  a  major  Army  movement  from  the  oentral  area  of  the 
theater  to  the  western  perimeter.  Using  a  32-run  fractional 
factorial  design,  fifteen  faotors  are  sereened  for  possible 
signifloant  effects  on  the  final  completion  time  of  the  187 
missions  involved  in  the  movement.  With  the  aid  of  a  normal 
probability  plot  and  an  analysis  of  varlanoe  (ANOVA) ,  five  factors 
(number  of  airoraft,  number  of  craws,  craw  day  length,  season,  and 
weather)  are  shown  to  have  significant  effects.  The  two  most 
important  of  these,  number  of  airoraft  and  number  of  oraws,  are 
then  examined  more  thoroughly  using  a  triply-repl ioatsd  80-run 
factorial  design  with  graphical  analysis  of  the  results.  The 
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rttulti  indicate  that  airoraft  and  airoraw*  hava  otaplai  but 
raadily  dafinabla  offsets  on  ays  ton  performance,  and  that  analysis 
of  thaaa  affaota  oan  ba  of  aueh  uaa  to  oparattonal  plannara. 
Bayond  tha  rasults  drawn  froa  tha  opaoifte  soanario  usad,  this 
thaaia  daaonatrataa  that  tha  Alaskan  airlift  aodal  oan  ba  uaaful 
in  tha  analyaia  of  a  typo  of  thaatar  logiaties  ayataa  whioh  haa 
raoaivad  relatively  littla  attantion  in  tha  paat. 
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AN  ALASKAN  THEATER  AIRLIFT  MODEL 

I.  Introduction  «nd  Background 

The  rapid  development  of  oritioal  reiourctf  in  northern 
regions  of  North  America  suggests  that  defense  of  these 
increasingly  important  areas  warrants  increasing  oonoern.  The 
North  Slope  oil  fields  of  Alaska,  for  i nstanoe.  are  eloser  to  the 
Soviet  Union  than  are  any  Persian  Culf  souroes.  Moreover,  the 
pipel ine-tanker  system  which  transports  North  Slope  oil  to 
Continental  U.S.  (CONUS)  refineries  is  far  from  seoure  --  the 
pipeline  itself  has  already  been  successfully  sabotaged  at  least 
onoe.  Although  the  defense  of  Alaska  and  other  northern  areas  is 
not  considered  a  major  priority  in  light  of  threats  elsewhere  in 
the  world,  it  may  be  of  some  value  to  briefly  examine  what 
large-scale  operations  in  northern  areas  might  entail. 

Overview.  After  briefly  examining  the  current  positions  of 
the  United  States  and  the  Soviet  Union  with  regard  to 
northern-area  warfare,  this  chapter  will  explore  the  general 
problems  of  military  operations  in  northern  areas  with  sparse 
populations  and  limited  surfaoe  transportation  networks.  The 
effects  of  northern  olimate  and  geography  will  be  outlined  and  the 
value  of  airlift  in  such  areas  will  be  explained.  The  Alaskan 
theater  will  then  be  speeifioally  examined  as  a  potential 
battlefield.  Alaskan  olimate  and  geography  will  be  summarised  and 
military  foroes  available  in  the  theater  will  be  disoussed.  Three 
possible  scenarios  for  enemy  aotivity  in  Alaska  will  be  presented 
and  reoent  developments  in  planning  for  these  soenarlos  will  be 
oovered.  Lastly,  the  need  for  further  analysis  of  Alaska  (and  of 
northern  operations  in  general)  will  be  disoussed  and  the 


1 


usefulness  of  a  specially  designed  simulation  modal  in  such  «n 
analysis  will  be  outlinad. 

Northern  Latituda  Warfare  in  Parpsoctiva 

Large-scale  oparations  in  oold-weather ,  nor  them- la  t  i  tude 
rag  ions  hava  traditionally  prasantad  major  problams  to  military 
plannars.  Inadequate  oonaidarat ion  of  and  poor  praparation  for 
thasa  problams  rasul tad  in  two  of  the  most  orushing  dafaats  in 
military  history  —  Napolaon's  disastrous  march  on  Moscow  and 
Hitler's  ill-fatad  Russian  campaign.  Tha  Unitad  Statas  has 
conduotad  only  ona  prolongad  oparation  in  naar-Arctic  conditions 
—  tha  Alautian  campaign  in  1842-43.  Although  officially  a 
suocass,  this  campaign  required  300,000  man  and  fiftaan  months  to 
dislodga  a  faw  thousand  ill-aquippad  Japanasa  troops  from  two  tiny 
islands  (Raf  7 : i i i ) . 

Tha  Roadlass  North.  Tha  sama  problams  which  dafaatad 
Napolaon  and  Hitlar  and  whioh  wars  tha  trua  anamy  of  both  sidas  in 
tha  Alautians  ara  still  vary  much  in  avidanca.  Howavar, 
oparations  in  mainland  Alaska  and  northarn  Canada  complieata  tha 
traditional  eold-wsathar  problams  by  removing  or  savaraly 
rastrieting  a  faotor  whioh  made  large-soale  winter  oparations  even 
initially  feasible  —  reliable  surface  transportation  capable  of 
moving  large  quantities  of  man  and  material.  Alaska  and  Canada, 
above  approsimataly  33  degrees  north  latitude,  ara  effectively 
roadlass  asoapt  for  a  vary  faw  estremaly  vulnerable  roads  and 
railroads.  This  moans  that  virtually  all  of  Alaska  and  more  than 
two-thirds  of  Canada  —  an  area  of  more  than  three  million  square 
miles  —  is  at  onoa  a  rapidly  developing  rasouroa  storehouse  and  a 
virtual  wilderness  unsuited  to  traditional  t ampere ta-sona 
oparations.  US  Army  Colonel  William  Alesander'*  recolleotton  of 
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his  largely  disregarded  advice  during  the  planning  of  the  Aleutian 
campaign  is  illuminating: 

...  I  pointed  out  that  none  of  the  needs  of  man  were 
available  on  Attu  and  Kiska,  and  therefore  m  had  an 
unusual  set  of  oonditions  to  deal  with,  not  to  mention 
the  oold  temperatures  and  the  muskeg  —  muskeg  that 
quakes,  shivers,  and  gives  way  beneath  the  weight  of  a 
man,  let  alone  wheeled  vehioles.  I  emphasised  the  utter 
futility  of  trying  to  oonduot  an  operation  along 
conventional  lines  ...  As  for  supply,  1  kept  in  mind 
that  an  infantryman  equipped  for  combat  eould,  with 
luck,  make  1-1/2  miles  an  hour,  unopposed,  over  terrain 
of  that  sort.  And  for  every  soldier  engaged  in  oosAat 
there  must  be  two  to  carry  supplies  —  one  going  and  one 
coming  from  the  front  line.  Ve  could  not  do  it  with 
wheels  or  traoks . . . . (Ref  7:223) 

Although  the  United  States  and  Canada  have  not  much  less 
roadless  and  sparsely  populated  northern  territory  than  the  Bovlet 
Union,  little  modern  analysis  has  apparently  been  done  in  the 
United  States  on  the  subjeet  of  theater-soale  war  in  northern 
latitudes.  Today  only  the  Soviet  Union  regularly  trains  for 
large-scale  cold-weather  warfare;  American  efforts  have  been 
limited  for  many  years  to  suoh  eseroises  as  JACK  FROST,  which  have 
involved  no  more  than  battal ion-sire  units  in  estremely  limited 
soenarios.  The  soale  of  these  eseroises  does  not  compare 
favorably  with  the  estimated  full  Soviet  division  in  plaoe  on  the 
Kamchatka  Peninsula  and  in  the  northeast  Asian  Arotio  (Ref  4:393). 
As  a  further  indicator  of  Russian  northern  latitude  ooneern, 
Soviet  forces  opposite  northern  Norway  comprise  no  less  than  two 
motor  rifle  divisions  and  a  naval  infantry  regiment  with 
amphibious  craft  and  air  oushlon  vehioles,  with  seven  more  rifle 
divisions  and  an  airborne  division  inswdlately  available  (Ref 
4:339) . 

Iffect  of  Climate.  In  essenoe,  the  problems  of 
northern-latitude  warfare  stem  from  two  very  baslo  roots:  elimate 
and  geography.  However,  these  two  faotors  manifest  themselves  in 
estr ernes  not  found  in  any  other  potential  area  of  military 
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operations.  Weather  oan  vary  more  widely  in  northern  latitudes 
than  almost  anywhere  else  in  the  world.  Hie  mixing  of  moist 
maritime  and  dry,  oold  polar  air  masses  oreates  intense, 
fast-moving  storms  which  oan  bring  hurr loans- fores  winds  to 
southern  ooastal  areas;  this  same  mixing  oan  produoe  dense  fog 
with  high  winds  which  oan  persist  for  days.  Even  with  olear 
skies,  winds  blowing  almost  incessantly  aoross  snow-oovered 
regions  oan  ereate  ground  blltsards  which  oan  reduoe  horisontal 
visibility  to  sero.  Inland  areas  may  experienoe  weeks  of 
f i f ty-below-sero  temperatures  and  resulting  dense  lee  fog,  a 
phenomenon  which  is  primarily  eaused  by  man-made  sources  of 
moisture  and  whloh  oan  completely  olose  airports  and  bring  even 
ground  movement  to  a  near-standstill.  During  the  summer,  these 
same  interior  valleys  endure  numerous  thunderstorms,  some  of  which 
may  be  severe  and  whioh  oan  ooour  more  than  a  hundred  miles  north 
of  the  Arotio  Cirole. 

Even  though  these  extreme  weather  oonditlons  exist  only  a 
fraotion  of  the  time,  they  contribute  to  the  extreme  variability 
of  northern  weather,  whloh  is  itself  a  major  planning  faotor.  For 
instance,  in  the  Aleutian  Campaign,  the  Eleventh  Air  Force  was 
able  to  fly  an  overall  average  of  only  eight  oombat  sorties  per 
day  from  mid-1442  to  late  1(49;  moreover,  its  losses  on  oombat 
sorties  alone  were  214  planes,  of  whloh  no  tower  than  174  were 
lost  to  weather  and  xmehanloal  failure.  In  the  same  campaign,  the 
Japanese  lost  44  planes  in  oombat  and  approximately  200  in  fog  and 
storms  <*ef  7:270). 

It  is  generally  agreed  that  some  of  the  lowest  temperatures 
on  earth  ooour  in  arotio  and  subarotio  regions;  however,  it  is 
less  widely  apparent  to  many  observers  how  profoundly  suoh  oold 
oan  affect  the  operation  of  both  men  and  machinery.  For  instance. 


support  requirements  (or  Bin  in  the  (told  inorease  druitiotllf. 
Spool*!  provisions,  ringing  from  Insulated  oiothing  to  hootod 
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all  manner 

ot  eonmon  a 

otlvities. 

Inadequate  lubr lost  ion 

and 

even  actual 

degradat ion 

o (  metal 

propsrtlos  oausos  maohinery  to  (motion  loss  e((ioiently  or  not  at 
all,  and  ovon  spooial  winter itat ion  oannot  guarantoo  tho  oontinuod 
operation  ot  oomples  modern  equipment.  71(0  toll  on  personnel  is 
high  as  well  —  in  one  battle  o(  the  initial  Russian  assault  on 
Finland  in  the  winter  ot  1111,  Soviet  casualties  were  27,300  dead, 
most  ot  whoa  (rose  to  death  (Ret  1:10341. 

Limitations  o (  Geography  Even  without  the  estremes  ot 
weather,  geography  alone  would  create  severe  difficulties  (or 
northern-area  operations.  A  major  (aotor  is  sheer  distance:  trom 
Anchorage  to  Fairbanks  is  300  road  miles;  (rom  Anohorage  to  Nome 
Is  more  than  030  miles  —  with  no  roads;  (rom  Anohorage  to  Shemya, 
at  the  western  tip  ot  the  Aleutian  ohaln,  is  almost  1300  air 
miles.  Dlstanees  (rom  population  oenters  to  outlying  regions  In 
northern  Canada  and  Siberia  are  even  greater.  Surtaee 
transportation  networks  are  minimal  In  all  northern  regions;  the 
highway  system  in  Alaska  goes  no  (urther  west  than  Anohorage  and 
Fairbanks,  and  the  Arotio  Slope  Haul  Road  is  the  only  highway 
which  orosses  the  Arotio  Cirole  in  Alaska.  Transportation  systems 
In  northern  Canada  and  northern  Russia  are  equally  as  sparse. 
Vhlle  some  river  transportation  is  possible  during  the  sumer,  and 
while  ioe  roads  and  traotor  trains  may  be  used  (with  mu  ah  ef(ort) 
in  the  winter,  the  terrain  in  northern  regions  essentially 
prevents  conventions 1  large-sea le  o((-road  sur(aoe  movement. 
Where  mountains  do  not  block  ground  vshioles,  swamps,  (crests,  and 
impassable  tundra  provide  e((eetive  barriers  to  s<wr  travel. 
Ground  travel  is  somewhat  easier  in  the  winter,  although  the  only 


ithioUi  which  c«n  nova  with  any  speed  in  auoh  condition* 
< inoMuohlnti  and  ion*  light  traokad  vahiolaa)  have  vary  limi tad 
cargo  carrying  cap ability.  Hall  copters  ptoridm  a  means  to 
overooaw  many  field  mobility  problems,  and  in  fact  play  a  major 
role  in  modern  northarn-ragion  planning.  However,  helicopters 
have  limited  range  (especially  with  heavy  loads)  and  require 
estensive  logistios  support.  While  airmobile  elements  can 
alleviate  looal  mobility  problems,  they  are  not  a  satisfactory 
solution  to  long-range  movement. 

Importance  of  Airlift.  In  general,  olimate  and  geography  aot 
in  oonoert  to  make  fielding  of  large  forces  prohibitive  or  nearly 
so  in  northern  areas.  Climate  and  lack  of  existing  facilities 
dictate  considerably  inoreased  support  for  any  force,  while 
distanoe  and  laok  of  surfaoe  transportation  make  suoh  support 
almost  totally  dependent  sea  or  air  channels.  Sworn pt  for  more 
southerly  coastal  areas  (along  the  Gulf  of  Alaska,  for  instance) 
sea  transport  is  unreliable  beoause  of  ioe,  if  not  enemy  action. 
This  leaves  airlift  as  the  primary  and  often  the  only  means  of 
long-distance  transportation  in  suoh  areas  as  Alaska,  northern  and 
central  Canada,  Siberia,  and  extreme  northern  Europe. 
Accordingly,  the  sice  of  foroes  employed  in  northern  regions 
without  surfaoe  transport  must  logically  be  dependent  on  the 
ability  of  airlift  to  provide  reliable  and  sustained  movement  of 
men  and  supplies. 

No  major  power  has  aver  maintained  an  entire  theater  of 
operations  in  wartime  with  airlift  as  the  sole  means  of 
Intratheater  transportation,  and  oertainly  no  suoh  undertaking  has 
ever  been  oonduoted  subject  to  the  distanoes  and  operational 
limitations  inherent  in  northern  areas.  Nevertheless,  the  eurrent 
plans  for  the  defense  of  Alaska  are  based  entirely  on  suoh  a 
ooneept,  however,  untried  it  may  be. 
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Alaska  as  a  Potsntial  Battlefield 

gmmMrv  of  Conditions.  Lst  us  esamine  Alaska  to  see  how  this 
ooneept  sight  opsrats.  (Flgurs  1  is  an  outllna  sap  of  Alaska 
showing  ksy  geographic,  oultural,  and  silttary  features.) 
Geographically,  Alaska  is  fully  a  fifth  as  large  as  the  CONUB 
almost  600,000  square  siles.  Eaoludlng  the  southeastern 
panhandle,  the  population  of  less  than  half  a  silllon  people  is 
oonoentrated  along  the  Alaska  Railroad,  in  the  so-called  Railbelt 
between  Anchorage  and  Fairbanks.  The  highway  network  is  very 
limited,  linking  Anohorage,  Fairbanks,  and  the  oil  port  of  Valdes 
with  eaoh  other  and  with  the  Alaska  Highway.  Outside  the 
Railbelt,  population  is  scattered  widely  in  villages  and  a  few 
small  towns,  with  airoraft  virtually  the  only  means  of 
transportation. 

the  terrain  varies  widely,  from  heavily  forested  smuntains 
along  the  Gulf  of  Alaska  coast  to  northern  birch  and  fir  forests 
in  the  interior  valleys  to  barren  tundra  on  the  North  Slope  and 
along  the  Bering  Sea  ooast .  The  many  mountain  ranges  serve  to 
compar tsental ise  the  geographioal  regions  and  serve  as  barriers 
not  only  to  travel  but  to  weather  as  well.  Weather  patterns  are 
often  quite  different  in  adjacent  geographioal  areas,  and  a  flight 
from  Anohorage  to  Nome,  for  instance,  may  cross  through  as  many  as 
four  eospletely  different  weather  sones.  As  mentioned  above, 
these  weather  systess  say  vary  fros  blissard  to  sussMr 
thunderstorm,  and  oan  change  with  unespeoted  suddenness  at  any 
tlsM  of  year. 

The  "Arctic  Rapid  Deployment  Foroe".  Military  foroes  in 
Alaska  are  relatively  few  and  dependent  on  two  main  baso 


comploses:  Elmendorf  AFB  and  Fort  Richardson  at  Anohorage,  and 


Fort  V* i wt i gh  t  (formerly  Ladd  AFB)  and  Blalson  AFB  naar 
Fairbanks.  Air  Foroe  combat  units  consist  of  two  squadrons  of 
F-4s  and  ons  tan-plans  C-130E  squadron  at  Elmendorf  AFB,  an 
aiqht-plana  C-130E  Air  National  Guard  squadron  at  Anohoraga 
International  Airport,  and  a  squadron  of  O-Zs  for  forward  air 
control  work  is  basad  at  Eialson  AFB.  F-4  detaohments  from 
Elmendorf  a laintain  air  dafansa  alart  at  Elmendorf,  Eialson,  Galana 
Airport,  and  Xing  Salmon  Airport,  and  SAC  rotational  dataohaants 
from  tha  CONUS  provide  tanker  support  at  Eialson.  Army  aanauvor 
units  in  Alaska  are  limited  to  one  light  infantry  brigade,  with 
two  battalions  at  Fort  Richardson  and  one  at  Fort  Vainwright.  An 
Army  aviation  battalion  with  UH-ls  and  CH-47s  is  basad  at  Fort 
Vainwright,  with  one  regular  and  one  National  Guard  UH-1  company 
at  Fort  Rlohardson.  Tha  Alaska  National  Guard  Soouts,  a  largely 
native  raoonnalssanoa  and  light  Infantry  foroa,  comprise 
approsiaataly  ona  battalion  soattarad  throughout  tha  state  in  more 
than  60  entail  dataohaants. 

Employment  of  those  forces  must  be  basad  on  several 
assumptions.  First,  it  is  considered  unlikely  that  Alaska  would 
be  tha  only  area  requiring  military  action,  and  that  priaary 
trouble  areas  would  receive  auoh  higher  priority.  Thus, 
employment  oonoepts  assume  that  little  or  no  augmentation  would  be 
available  from  non-Alaska  soureas,  leaving  in-thoatar  foroas  to 
cope  with  tha  problam  <Ref  4:338).  Sooond,  it  is  assumed  that 
opposing  foroas  would  be  of  tha  same  order  of  magnitude  as  theater 
foroas;  this  is  basad  on  tha  baliaf  that  Soviet  foroas  would  be 
limited  by  transportation  difficulties  to  at  least  tha  same  astant 
as  Alaskan  units.  It  is  further  assumed  that  any  Soviet  buildup 
to  support  larger  foroas  would  ba  easily  dataotabla  and  in  any 
casa  would  ba  unlikely  in  a  worldwide  crisis  soanario. 


In 


essence,  the  forces  in  Alaska  comprise  an  "Arctic  Rapid  Deployment 
Foroe"  not  intended  to  daal  with  largo  anamy  fotoa*,  bat  inataad 
tailorad  to  tha  moat  lifcaly  thraata  to  tha  thaatar. 

Thraa  Alaskan  Soanarioa.  Given  that  any  inouraion  would  ba 
limited  to  relatively  small  foroes  (aa  compared  to  tha  large-scale 
oorpa-  and  army-si  so  confrontation*  in  Earopa  and  tha  Far  East) 
tha  posaibla  contingency  soanarioa  and  raaotions  fall  into  thraa 
categories.  First  is  a  puarri J la/ terrorist  campaign  of  sabotage 
and  harassment,  accompanied  by  qulok-strike  missions  against 
salaotad  targets.  Small  ground  units  oould  ba  infiltrated  by  saa 
or  air  to  attaok  isolated,  vulnerable  targets  suoh  as  pipeline 
faoilitias  or  comarani eat  ions  instal lations;  this  typa  of  action 
would  bo  largely  limitad  to  tha  central  and  southern  areas  of  tha 
state,  vdiara  cover  is  good  and  maneuver  is  relatively  easy  for 
light  units.  Enemy  air  support  for  suoh  a  campaign  would  probably 
ba  limitad  to  speeial-operations-type  resupply,  since  distanoas 
from  potential  Soviet  bases  to  targets  in  interior  Alaska  are  too 
great  for  most  strike  airoraft.  Reaotlon  to  this  scenario  would 
likely  be  limitad  to  small-soala  sea roh-and-des troy  missions  by 
theater  foroes;  demand  on  airlift  resouroes  for  transportation 
would  be  moderate  and  reasonably  oontlnuous. 

Second  is  a  full-soale  conventional  inoursion  by  op  to 
divlslon-sise  foroes  in  western  Alaska,  at  a  looatlon  capable  of 
air  and/or  sea  resupply  suoh  as  Nome  or  King  Salmon.  Suoh  an 
inoursion  oould  imply  subsequent  movement  toward  interior  targets 
with  air  support  based  at  oaptured  airfields,  and  might  or  might 
not  be  accompanied  by  a  small-unit  harassment  eampaign  as 
described  above.  One  reaetion  to  this  sooner io  might  be  to  daal 
quickly  with  any  aotlvity  in  the  Interior  but  employ  a 
defense- in-depth  against  the  main  foroe,  letting  enemy  forces 
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oontend  with  the  great  distances,  inhospitable  terrain,  and 
adverse  oiimate  between  ooastal  regions  and  the  high-value  areas 
of  the  Railbelt.  This  would  be  similar  to  the  traditional  Russian 
defense  against  invaders  which  has  proven  so  effeotive  even 
against  modern  armies  Demand  for  airlift  transportation  under 
this  soenario  would  be  about  the  same  as  for  the 
harassment-campaign  option,  with  considerably  inoreased 
transportation  needs  as  soon  as  the  time  was  considered  proper  for 
a  oounterot tensive . 

The  third  soenario  is  a  oonventional  lnourslon  as  lust 
desoribed,  but  with  iamediate  reaction  by  Alaskan  ground  and  air 
forces  against  the  main  enemy  force.  There  oould  be  several 
reasons  for  such  a  reaotion  in  foroe,  suoh  as  the  politioal 
necessity  to  reaot  quiokly  to  an  overt  attack  on  AsMrioan  soil. 
In  any  oase,  such  a  reaotion  represents  the  worst-oase  soenario  in 
that  theater  foroes  would  be  denied  the  advantages  of  a  defense  in 
depth  in  order  to  assume  an  offensive  posture.  Suoh  an  offensive 
foroe  would  be  subjeot  to  the  same  handicaps  as  the  enemy  force, 
to  inolude  increased  logistics  requirements,  long  air  supply 
lines,  limited  air  cover,  and  difficulty  in  mobility. 

Planning  and  Eserolse  Inadequacies.  Logically,  the 
reaotlon-ln-foroe  soenario  would  plaoe  the  greatest  and  most 
imsMdiate  demand  on  theater  airlift  resouroes  and  should  receive 
the  closest  study.  However,  suoh  study  has  been  limited;  until 
1971 ,  in  fact,  the  reaetion-in-foroe  scenario  ms  largely 
disregarded  by  Alaskan  planners,  nor  did  in-theater  eserolses 
address  the  issue.  It  should  be  pointed  out  that  the  yearly  JACK 
FROST  eserolses,  the  primary  JCS-direeted  eserolses  in  Alaska, 
were  not  designed  to  test  Alaskan  employment  concepts,  but  rather 
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to  evaluate  general  oold-weather  problems  and  capabilities.  As 
sueh,  JACK  FROST  was  always  oonduoted  in  the  Tanana  Valley  near 
Fairbanks  and  the  Elelson-Fort  Vainwright  oomplea,  and  evaluation 
of  long-range  employment  oapabilities  of  Alaskan  foroes  was  never 
speoifieally  lnoluded  in  the  eserolse  objectives.  Emplacement  of 
foroes  was  strictly  administrative,  field  play  was  strietly 
oontrolled  and  limited  to  small  areas,  and  use  of  airlift  was 
minimal . 

Aside  from  JACK  FROST,  in-theater  joint  eseroises  were  very 
limited  in  soope,  rarely  involving  movement  of  more  than  one 
company.  Although  the  distanoes  in  some  of  these  eseroises  were 
realistio,  theater  airlift  resourees  were  never  tased  to  the 
estent  demanded  by  a  major  reaotlon  to  the  western  perimeter  of 
the  state.  Most  Alaskan  Air  Cossund  eseroises  were  primarily 
designed  to  test  air  defense  oapabilities,  and  airlift  involvement 
was  limited  to  deployment  of  a  few  maintenance  paokages  to  forward 
bases.  Likewise,  ooamand-post  eseroises  tore  air-defense 
oriented,  with  Army  moves  being  simulated  and  airlift 
participation  limited  to  little  sure  than  a  telephone  answering 
servloe . 

Development  of  Current  Concepts.  By  1878,  it  was  apparent 
that  movement  of  a  substantial  foroe  from  the  main  base  oompleses 
to  the  western  part  of  the  state  might  be  necessary,  and  plans 
were  adjusted  accordingly.  In  this  adjustment,  estensive 
coordination  between  airlift.  Army,  and  air  defense  planners 
resulted  in  a  reasonably  firm  estimate  of  Army  intentions  in  the 
event  of  a  contingency.  Th i •  was  notsworthy  in  that  ths  US  Army, 
Alaska,  oommitted  Itself  to  a  speeifio  oonoept  of  enployment  wttieh 
in  turn  allowed  Air  Fores  planners  —  and  airlift  planners  in 
particular  —  to  make  aoourate  estimates  of  support  regut  resents 
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And  taeties  needed  to  insure  aocompl ishmant  of  the  Airlift  mission 
<Rof  2)  . 

Tho  iraj  employment  oonoopt  was  vary  straightforward.  As 
quickly  as  possible  aftar  tha  initial  inoursion,  assault  foroas 
wara  to  ba  marshalled  at  an  intermediate  airfiald  for  an  assault 
on  a  forward  airhead,  whieh  in  turn  would  ba  within  hallooptar 
ranga  of  tha  anaay  foroa.  As  soon  as  tha  forward  airhaad  was 
saeurad,  it  would  ba  Improved  as  raquirad  by  airdrsppad 
earthmoving  equipment;  whila  tha  fiald  was  baing  praparad  for  use, 
ground  foreas  would  ba  supportad  by  airdrops  alona.  Haliooptars, 
which  wara  to  provide  primary  fiald  mobility  for  ground  foroas, 
would  sot*  with  tha  advanoe  foreas  and  would  reoelve  airdroppad 
fual  until  tha  airhaad  was  opan.  Ones  opan  (normally  within  24 
hours)  tha  forward  airhaad  would  baeoma  tha  oantral  supply  bass, 
as  wall  tha  lump-off  point  tor  additional  foreas.  Refueling  for 
airmobila  a  laments  at  tha  forward  airhaad  (with  alrliftad  fual) 
would  obviate  long  trips  to  raar  araas  for  fual  and  suppllas;  this 
optimum  usa  of  haliooptars  would  graatly  increase  tha  mobility  and 
striking  power  of  ground  foroas.  Tha  primary  departure  from 
previous  thinking  was  that  airlift  rasoureas  would  ba  used  as  much 
as  possible  in  tha  airland  role  in  low-threat  araas,  with  airdrops 
limited  to  initial  resupply  at  tha  forward  airhaad  and  insertion 
and/or  resupply  of  isolated  units  in  tha  fiald.  Mobility  of 
foroas  onea  in  tha  field  was  assigned  to  integral  airmobila  units, 
adtila  airlift  was  to  ba  usad  to  its  bast  advantage  in.  tha 
low-threat  airland  mods.  Large  airdrops  at  or  near  tha  battle 
area,  tong  a  staple  of  Army  and  airlift  planners,  wara  ruled  out 
as  too  oostly  in  terms  of  both  attrition  and  inefficient  usa  of 
airlift  rasoureas  (Ref  2). 
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conoepts  were  being  crystallised,  various  other  airlift 
requirements  were  firmly  identified,  with  the  end  result  that 
taotios  and  training  for  theater  airlift  forces  eould  be  optimised 
for  aooemplishment  of  a  speoifio  mission  —  a  luaury  not 
previously  enjoyed  by  taotloal  airlift  forces.  This  required 
oonsiderable  reorienting  of  theater  airlift  training  programs, 
since  Alaskan  units  had  been  training  for  the  same  broad  spectrum 
of  employment  as  all  other  MAC  taetioal  airlift  units.  It  was 
found  that  many  procedures  touch  as  mass  airdrops  and  low-altitude 
paraohute  estraotlon  of  equipment)  were  not  necessary  or  suitable 
for  operations  in  Alaska,  while  others  whioh  would  be  needed  (such 
as  speolal-operat ions-type  airdrops  and  bulk  fuel  resupply)  were 
not  being  praotioed  to  the  extent  required,  if  at  all  (Ref  IS). 
The  end  result  was  a  training  program  customised  for  Alaskan 
t  roes;  this  marked  a  significant  departure  from  previous  MAC 
thinking  in  that  theater-speeif io  foroes  (as  opposed  to  foroes 
liable  to  be  deployed  worldwide)  were  allowed  to  beoome  experts  in 
their  own  areas  and  to  oonoentrate  on  effiolent  execution  of  their 
respeotive  theater  oontingenoy  plans. 

Exercise  ARCTIC  CIRCLE.  Sy  early  1990,  the  new  eonoepts  of 
Army  employment  had  been  refined  by  planning  sessions  and 
"greaseboard"  simulations  in  oommand  post  exeroises  to  the  point 
that  a  large  field  exercise  was  appropriate.  This  exsroise 
developed  into  ARCTIC  CIRCLE  90,  oonduoted  in  April  1990.  It  was 
the  first  Alaskan  exercise  specifically  designed  to  move  a 
battalion-sised  foree  from  the  Railbelt  area  to  the  western 
perimeter  of  Alaska,  a  distance  of  more  than  900  miles.  Vnlike 
previous  exeroises  in  the  theater,  the  sole  objective  of  ARCTIC 
CIRCLE  was  to  move  a  battalion  to  the  western  perimeter 
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(simulating  a  attack  on  Noma)  via  a  bare-base  forward  alrhaad 


with  complete  supply  of  ground  and  airmobile  forces  by  airlift 
(Raf  23>.  Tha  actual  nova  from  Rallbalt  to  striking  position 
took  thraa  days,  and  although  tha  oparatlon  was  a  suooass,  it 
pointad  out  that  thara  wars  many  faotors  yat  to  ba  aiaminad 
(Raf  Z>  .  Evan  with  tha  suooass  of  ARCTIC  CIRCLE  80,  only  a  small 
part  of  tha  thaatar  eontinganey  airlift  systam  has  baan  tastad, 
and  avan  than  with  ralativaly  favorabla  waathar  undar  control  lad 
paaoatima  conditions.  For  instanoa,  tha  antira  wart ima  soanario 
might  simultanaously  inoluda  not  ona  but  two  or  thraa 
battalion  novas,  as  wall  as  rasupply  for  forward  fightar  basas  and 
a  haavy  non- combat  logistics  tasking.  Moreover,  a  contingency 
might  last  for  weeks  or  months,  and  supplies  from  tha  CONUS  might 
ba  limited  or  lata  in  arriving.  Sinoa  tha  systam  was  built 
largely  pieoemeal  as  various  requirements  appeared,  the 
projaotad  ability  of  the  Alaskan  airlift  systam  to  oops  with  an 
aotual  oontinganoy  rests  on  a  relatively  limited  and  largely 
thaoratloal  foundation.  The  systam  as  it  now  asists  has 
never  been  asaminad  from  an  overall,  long-term  aspect,  and 
reoant  dlsoussions  with  Alaskan  airlift  planners  and  with 
their  oountarparts  at  tha  Military  Airlift  Command  indicate  that 
no  suoh  evaluation  is  oontemplated,  although  reoant  asaroises 
suoh  as  BRIM  FROST  81  have  paid  muoh  mors  attention  to  tha  airlift 
role. 

Froblam  Statasmnt 

Given  that  airlift  is  a  vital  factor  in  any  defense  of 
Alaska,  the  first  part  of  the  problem  is  that  an  overall  analysis 
of  the  wartime  operation  of  the  theater  airlift  systam  needs  to  be 
undertaken.  Suoh  an  analysis  oould  ba  obtained  by  actual 
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full-scale  execution  of  the  theater  contingency  plan.  Evan  for  a 
thaatar  with  foroas  aa  limited  as  in  Alaska,  howavar,  such 
aiacution  would  be  prohibi t i valy  aspansiva  and  would  oonsuam 
di f f ioul t-to-replaee  raaouroas,  and  could  additionally  ooaproaisa 
tha  plan  itsalf.  Anothar  approach  oould  ba  to  oonduot  savaral 
saparata,  saallar  exercises,  aach  tasting  various  parts  of  tha 
system.  This,  in  fact,  is  what  is  baing  dona,  but  oost 
constraints  and  a  substantial  day-to-day  oparational  mission 
savaraly  limit  sisa  and  fraguancy  of  asarcisas,  whila  paacatima 
oparating  rastriotions  diotata  much  daoraasad  raalism.  Also,  such 
piaeamaal  tasting  oannot  avaluata  Intaraotions  among  systam 
tomponants,  which  oould  ba  a  major  factor  in  actual  wartime 
oparation.  Moreover,  multiple  actual  asacutions  or  series  of 
asarcisas  would  ba  required  to  assess  tha  affaots  of  different 
climatio  conditions,  which  in  turn  oould  vary  widaly  depending  on 
both  season  and  actual  battle  area  looation  (Ref  2). 

Basis  for  an  Alaskan  Airlift  Model.  One  feasible  method  for 
an  overall  analysis  of  the  Alaskan  airlift  system  (or  of  any  sueh 
airlift  system)  would  ba  oonstruotion  and  use  of  a  ooaputer 
simulation  stodel .  (Reference  20  provides  an  esoallant  outline  of 
advantages  and  drawbaoks  of  models  in  this  type  of  applioation. > 
Use  of  an  existing  modal  might  ba  eonvaniant,  but  no  suitable 
models  exist.  Tha  MAC  M-14  modal  is  designed  exclusively  for 
strategic  < inter thaatar )  airlift  (Refs  8  and  11).  The  MAC 
Taotleal  Airlift  Model  (TAM),  a  development  of  the  Air  War 
Collage's  Theater  Airlift  in  the  (Central)  European  Theater 
(TACET)  model,  is  almost  ready  for  use,  but  does  not 
sat isfaetori ly  examine  soveral  factors  which  would  be  of  prism 
Interest  in  Alaska,  sueh  as  risk,  attrition,  and  oertain  forward 
base  limitations.  Additionally,  the  TACET/TAM  modal  is  based 


primarily  on  a  oentral  European  scenario,  whioh  doss  not  envision 
1 ong-di stance  suss  movement  of  foroes  by  air  to  an  austere  forward 
airhead  (Ref  21).  Some  older  intratheater  airlift  models  are 
available,  but  likewise  do  not  satisfaotor ily  treat  faotors  whioh 
would  most  likely  drive  Alaskan  operations  (Ref  3).  This  points 
out  a  faot  whioh  underlies  the  modeling  of  theater  logistics 
systems  (including  airlift)  —  no  two  theaters  are  alike,  and  a 
model  whioh  accurately  refleots  one  may  be  totally  Inappropriate 
for  another. 

Although  it  might  be  possible  to  create  a  model  whioh  would 
esamine  every  aspect  of  Alaskan  airlift,  suoh  a  model  would 
require  considerable  resouroes  —  the  MAC  M-14  model,  for  eeample, 
took  more  than  three  years  to  oonstruot  and  is  not  yet  fully 
operational  (Ref  8).  Fortunately,  the  original  TACET  model  oan 
provide  a  oonoeptual  framework  for  construction  of  a  specialised 
Alaskan  model.  As  mentioned,  however,  TACET  does  not  address  some 
faotors  whioh  would  be  of  interest  in  Alaska,  and  further  ineludes 
some  aspeots  whioh  would  not  applloable  in  Alaska  (Ref  8). 
Additionally,  a  full-scale  adaptation  ef  TACET  would  be  in  many 
respeots  too  detailed  for  a  time-constrained  first  look  at  an 
essentially  untried  theater  airlift  oonoept .  Therefore,  a 
soa led -down  model  incorporating  some  features  of  TACET  wou Id  seem 
to  be  a  feasible  avenue  of  approach  to  the  problem  of  analysing 
Alaskan  theater  airlift. 


Summary.  The 

remainder  of 

this 

thesis  will 

disouss  the 

oonoeptual lsation. 

development , 

and 

application  of 

an 

Alaskan 

theater  airlift  model.  Chapter 

11 

will  esamine 

th« 

Alaskan 

airlift  network  from  a  systems  approach  and  will  outline  the 
oonoeptual i sat  ion  of  the  model.  System  boundaries,  functional 
organisation,  and  operational  “flow"  will  reoelve  particular 
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Attention.  Chapter  III  will  identify  the  major  ooeponenti  of  the 
system  end  dieouse  the  assumptions  end  liieitetions  whloh  were 
required  to  ineorporete  these  components  into  the  model.  Chapter 
IV  will  deseribe  the  eotuel  computerisation  of  the  moduli 
select  ion  of  the  simulation  language  will  be  discussed  and  sMdel 
structure  and  speoial  features  will  be  outlined.  Chapter  V  will 
cover  the  verification  and  validation  of  the  model  and  will 
briefly  examine  a  few  of  the  problems  eneountered  in  this  area. 
Chapter  VI  illustrates  the  use  of  the  model  for  analysis.  A 
representative  soenario  is  constructed  and  a  screening  experiment 
is  executed  to  identify  factors  which  signif loant ly  affeot  system 
performanoe.  The  two  most  Important  of  these  are  then  analysed 
and  oonolusions  drawn  about  their  effeots  and  interactions. 
Lastly,  Chapter  VII  offers  oonolusions  and  reooMaendations  based 
on  the  model  and  the  analysis. 
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II  .  Conceptual  i sat  ion 


This  ohapter  will  imini  the  Alaskan  airlift  natwork  from  a 
systems  viewpoint.  First,  tha  systamwill  ba  described  and  tha 
influences  aoting  upon  it  will  ba  idantifiad.  Tha  system  will 
than  ba  brokan  down  into  its  functional  components,  which  will  ba 
individually  esamined.  Finally,  system  operation  will  ba 
illustrated  by  following  an  airoraw  through  a  typical  craw  duty 
day  in  a  wartime  soanarlo. 

System  Pesorlption 

Following  tha  TACET  framework,  tha  first  step  in  developing  a 
modal  should  ba  to  dasoriba  tha  system  to  ba  simulated,  as  wall  as 
identify  associated  constraints.  Inputs,  lntaraetions  with 
asternal  systems,  and  measures  of  system  af faotivanass.  TACET 
defines  tha  functional  bounds  of  an  intrathaatar  airlift  system  as 
"all  of  tha  ground,  flying,  and  decision  aotivitias  performed  in 
diraot  support  of  tha  taotioal  airlift  mission,"  a  definition 
which  is  appropriate  to  Alaska  as  wall  as  Europe  (Kef  ZO.IV-ll). 

Theater  Influaneas  and  System  Boundaries 

As  in  Europe,  tha  Alaskan  airlift  system  raflaots  tha  theater 
in  which  it  is  located.  Unlike  Europe,  tha  Alaskan  logistics  and 
oommuni cat  ions  networks  are  highly  oantralisad,  with  a  single 
major  urban  canter  <Anohorage>  which  provides  almost  all  goods  and 
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services  to  the  remainder  of  the  theater.  Anchorage  is  both  the 
major  point  of  entry  for  goods  from  outside  the  theater  and  the 
major  point  of  origin  for  distribution  of  goods  within  the 
theater,  and  is  additionally  the  center  of  the  theater 
communications  network.  The  two  major  military  installations  in 
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the  state  are  also  looatad  at  Anohoraga  (Elmendorf  AFB  and  Fort 
Richardson).  Although  thera  is  a  secondary  urban  and  military 
oantar  at  Fairbanks,  tha  Fairbanks  complex  sarvai  primarily  as  an 
intrathaatar  transshipment  and  distribution  point. 

In  ganaral,  than,  virtually  all  astarna 1  inputs  to  tha 
Alaskan  thaatar  ara  funneled  through  Anohorago,  and  from  a  thaator 
viewpoint  almost  all  intrathaatar  movomants  ean  ba  eonsidarad  to 
bagin  thoro.  It  is  important  to  nota  that  soma  astarnal  inputs 
ean  and  do  antar  tha  thaatar  at  Fairbanks;  however,  tha  maans  to 
movo  thaso  inputs  to  thaatar  dastlnations  ara  usually  basad  at  or 
in  soma  way  dapandont  on  tha  Anohoraga  comp  las.  In  any  ossa, 
intarthaator  transportation  systosM  suoh  as  ooaangoing  container 
ships  or  strataglo  airlift  aircraft  ara  raraly  usad  for  (and  ara 
usually  unsuitod  for)  intrathoator  movement . 

The  high  dogroa  of  oantral isatlon  of  tha  Alaskan  thaatar 
allows  tha  theater  airlift  system  to  operate  almost  completely 
free  from  non-theater  intaraotions,  sinoa  inputs  from  "Outside" 
need  only  ba  raf looted  as  eonstraints  or  Inputs  upon  tha  Anohoraga 
oomplos.  (Relatively  little  oargo  originates  in  Alaska  for 
"Outside"  dastlnations  osoapt  for  crude  oil  from  the  pipalino 
terminus  of  Valdes  and  timber  and  raw  materials  from  the 
Southeastern  area;  neither  of  these  outward  flows  af foots  the 
oantral  Alaskan  logisties  system.)  As  far  as  tha  Alaskan  military 
airlift  network  is  oonoarnad,  all  orews,  maintenance  aotivitias, 
and  major  aerial  port  facilities  ara  looatad  at  Anohorago,  and  all 
missions  arc  dispatehad  from  and  must  ultismtoiy  return  there, 
even  though  some  missions  may  bagin  and/or  and  elsewhere  in  tha 
thaatar.  Other  bases  and  airports  in  the  theater  aro  viewed 
striotly  as  transient  bases  with  no  maintenance,  fuel,  or  erew 
rest  facilities  and  with  limited  oargo  handling  and  traffio  flow 
eharaotoristies. 
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The  "aoT«ri"  in  this  ifitn  in  theater  airlift  airoraft, 
which  in  Alaska  ara  exclusively  C-130E  Haroules  airoraft.  Tha 
itams  aovad  ara  individual  airoraft  loads  of  various  general  types 
(oallad  "chalks"  or  "missions")  which  ara  prasisad  to  smet  C-130 
limitations.  Missions  beoome  availabla  for  movement  at  spaeifio 
times  and  may  originate  or  taralnata  at  any  bass  within  tha 
systaa.  A  aission  aust  ba  "plckad  up"  at  its  originating  loeation 
and  is  not  eonsldarad  ooaplata  until  it  has  baan  offloadad  at  its 
dastination  (or  last  destination,  if  a  aultipla-lag  aission).  at 
which  tiaa  it  is  no  longer  a  faotor  in  tha  systaa.  An  airoraft 
oan  handle  only  ona  ohalk  or  aission  at  a  tiaa  and  aust  follow  tha 
prescribed  itinerary  of  its  assigned  aission  until  tha  aission  Is 
ooaplata  or  is  taaporarily  terminated  due  to  an  abort  or  other 
unanticipated  davalopaant. 

On  arrival  at  a  base,  an  airoraft  aust  la-  .  tasl  to  parking, 
and  offload  (if  required).  If  at  hoaa  base,  tha  airoraft  aust 
than  undergo  aaintananoa  ohaoks  and  refueling.  At  all  looations, 
tha  aission  is  than  ohaekad  for  ooaplation:  if  ooaplata,  an 
attaapt  is  aada  to  sehaduls  another  aission;  if  not  ooaplata, 
sohaduling  is  not  attaaptsd.  After  aission  ooaplation  ohaek  and/or 
sohedullng,  tha  airoraft  aust  than  onlo*d  (if  required),  tasi  out, 
and  taka  off.  After  departing  a  base,  tha  airoraft  prooeeds  to 
its  nest  dastination;  anroute,  it  is  subjaot  to  weather,  threat, 
and  asehanloal  considerations.  If  adverse  conditions  ara 
enoountered,  tha  airoraft  may  ba  aborted  to  hose  base  and  its 
assigned  mission  removed  and  made  availabla  tor  other  airoraft. 
On  arrival  in  tha  vielnity  of  its  dastination,  tha  airoraft 
asaoutas  an  approaoh  and  enters  tha  dastination  base  saquanoa  of 
events  as  as  described  above. 
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Causal  Belat lonshlas .  The  primary  output  of  tho  system  is 
eompistod  missions,  whioh  in  turn  rsflsots  various  msasurss  suoh 
as  tonnage  airliftsd.  Army  units  movsd,  ste.  Essoution  and 
oompletion  of  missions  dspsnds  dirsotly  on  availability  of 
aircraft  to  fly  thsm.  For  a  given  ssriss  of  missions  and 
conditions,  fewer  airoraft  available  logically  means  fewer 
missions  completed  in  a  set  period  of  time,  or  (as  is  the  oase  in 
praotioe)  a  longer  time  to  eomplete  all  required  missions. 
Airoraft  aval labi 1 i ty ,  in  turn,  is  dependent  on  aotual  numbers  of 
airoraft,  number  of  orews,  and  maintenance  oapability.  Fewer 
aircraft  or  orews  or  deoreased  maintenance  capability  would  lead 
to  fewer  aircraft  available  and  thus  to  a  degradation  of  mission 
completion  oapability.  Civen  airoraft  available,  the  ability  to 
complete  missions  is  affected  at  individual  locations  by 
oargo-handl ing  oapability,  available  ramp  spaoe,  and  traffic  flow 
limitations  resulting  from  physioal  airfield  oonslderations 
(number  of  airoraft  on  approaoh,  number  of  runways,  eto.). 

Enroute,  airoraft  movement  and  thus  mission  completion  are 
affected  by  weather,  threat,  and  meohsniosl  problems,  which  may 
oause  an  airoraft  to  abort  or  even  to  be  lost.  Also,  and 
particularly  in  Alaska,  distanoe  between  bases  plays  a  large 
faotor  in  aircraft  operation.  Various  factors  are  affeoted  by 
season:  winter  means  eold  temperatures,  whloh  generally  oause 
longer  servioe  times  for  oargo  handling  and  maintenance,  which  in 
turn  degrade  mission  completion.  Colder  temperatures  also  affeot 
airoraft  operation  dlreotly,  in  that  longer  warmup  times  are 
required  and  maintenance  problems  oan  inorease  in  number.  Season 
also  af foots  weather,  with  winter  bringing  more  periods  of  lower 
oeilings  and  fog,  which  in  turn  result  in  mission  delays  and 
aborts.  Bad  weather  also  affeots  threat  by  ereating  oondltlons  in 
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Sortie  Phases 

The  TACET  modal  defines  thraa  activity  phase*  for  saoh 
airfield:  arrival,  ground,  and  departure;  the  arrival  phase  also 
handles  the  enroute  function  of  transferring  airoraft  from  base  to 
base.  In  the  course  of  transiting  these  three  phases,  the 
airoraft  is  run  through  an  entire  sortie  sequence.  In  the  Alaskan 
model,  the  three  TACET  phases  need  to  be  modified  to  reflect  the 
natural  f low  of  the  system;  additionally,  to  better  break  out 
threat  and  weather  funotions  handling  in  the  TACET  arrival  phase, 
a  fourth  phase  must  be  added  for  enroute  activities.  (Ref 
ZO: IV-Z1) . 

For  the  Alaskan  model,  the  ground  and  departure  phases  oan  be 
redefined  to  more  aeourately  divide  inbound  (offload,  maintenance, 
refueling),  di spat oh  (mission  oompletlon  oheok  and  soheduling), 
and  departure  (onload)  activities.  With  the  inoluslon  of  the 
separate  enroute  phase,  an  airoraft  in  the  Alaskan  system  would 
pass  through  Departure,  Enroute/Approaoh,  Arrival,  and 
Continuation/Sehedul ing  phases  in  the  oourse  of  a  sortie  from  one 
base  to  the  nest.  (A  single  mission,  of  oourse,  might  require 
more  than  one  sortie.)  Figure  3  outlines  these  phases  and  vdiat 
saoh  enoompasses. 

Departure  Phase.  This  phase  begins  as  soon  as  an  airoraft 
has  finished  offloading  and  has  been  either  soheduled  for  a  new 
mission  or  prepared  to  oontlnue  its  ourrent  mission.  If  at  home 
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bass  and  tha  airoraft  has  just  baan  assigned  a  naw  mission,  and  if 
the  naw  alia ion  oannot  ba  completed  wi thin  tha  remaining  oraw  duty 
day  of  tha  praaant  oraw,  tha  airoraft  aust  ba  pairad  with  a  raatad 
oraw  bafora  baginning  onload;  oraw  ehangaa  ara  not  aoooapllshad  at 
anrouta  baaaa .  Mast,  tha  oargo  (if  any)  for  tha  ourrent  lag  of 
tha  aaaignad  alaaion  ia  onloadad.  Tha  airoraft  than  atarta 
anginaa  if  it  haa  baan  on  tha  ground  long  anough  to  have  raguirad 
that  anginaa  ba  ahut  down.  On  angina  atart,  tha  airoraft  ia 
subfeot  to  Mintenanoa  malfunctions  which  nay  raault  in  dalay, 
abort,  or  grounding.  If  angina  atart  ia  auooaaafully  ooaplatad, 
tha  airoraft  taaia  out  and  takes  off.  If  at  a  baaa  with  traffic 
limitations,  another  airoraft  aay  ba  on  approach/ taai-in  or 
taai-out/takaof f ;  if  ao,  tha  departing  airoraft  My  ba  foroed  to 
wait  bafora  taaiing  and/or  taking  off.  After  takeoff,  tha 
airoraft  auat  depart  tha  looal  area  bafora  entering  tha  anrouta 
phaaa . 

Enrouta/Aporoaoh  Phaaa.  Whan  takeoff  and  departure  ara 
ooaplatad,  tha  airoraft  enters  tha  anrouta  phaaa,  whioh  takas  it 
up  to  final  approaeh  and  landing  at  its  dastinatlon.  In  this 
phase,  tha  airoraft  is  assigned  an  anrouta  flying  tine  and  is 
subjeot  to  abort  from  meohanioal  failure,  unforeoast  waathar,  or 
inoraasad  (and  unacceptable)  risk.  If  oonditions  so  dlotata,  tha 
airoraft  also  undergoes  a  risk  of  attrition;  different 
combinations  of  waathar,  throat,  and  esoort  availability  produoo 
various  levels  of  risk,  whioh  in  turn  govern  attrition  rates.  In 
estreats  oases,  an  airoraft  oan  be  lost  to  the  system  in  this  way, 
along  with  its  oraw  and  oargo.  If  aborted,  tha  airoraft  rauins 
in  the  anrouta  phase  but  is  automatically  directed  baok  to  home 
base,  with  an  appropriate  anrouta  time  assigned.  The  anrouta 
phase  also  oovers  arrival  in  tha  dastinatlon  area:  if  the 
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destination  bass  has  an  approaoh  suitable  to  the  weather 
conditions,  or  it  the  weather  is  VFF,  the  airoraft  is  permitted  to 
Mice  a  successful  approaoh.  If  the  weather  is  below  sinisuai,  the 
airoraft  may  or  nay  not  be  allowed  to  try  the  approaoh  with  the 
hope  of  "breaking  out"  in  tine  to  land.  If  unsuoeessf ul ,  the 
airoraft  is  aborted  to  hone  base  (renaining  in  the  enroute  phase). 
Ones  an  approach  is  sueoessful,  the  aircraft  prooeeds  to  the 
arrival  phase. 

Arrival  Phase.  After  beginning  a  successful  approaoh,  the 
airoraft  completes  the  approaoh,  lands,  and  taxis  in.  At  bases 
with  traffic  linitations  or  with  United  ground  spaoe  (nasi nun 
number  of  aircraft  on  the  ground,  or  HOG),  the  inbound  airoraft 
nay  have  to  wait  for  an  airoraft  on  the  ground  to  depart;  this 
holding  would  be  oonducted  in  the  iasaedlate  vicinity  of  the 
destination  base.  Onoe  parked,  the  aircraft  is  unloaded  (if 
required);  engines  are  kept  running  unless  ground  time  is 
anticipated  to  be  long  enough  to  require  shutdown.  If  at  home 
base,  the  airoraft  than  undergoes  maintenance,  oonsisting  of 
mandatory  minor  maintenance  and  any  required  repairs  to  major 
systems;  following  maintenance,  the  airoraft  is  refueled.  After 
offloading  and/or  maintenance,  the  airoraft  prooeeds  to  the 
oontlnuatlon/soheduler  phase. 

Continuation/Scheduler  Phase.  Before  proceeding  to  the 
departure  phase,  the  airoraft  is  cheeked  to  determine  if  It  has 
completed  its  current  mission.  If  the  mission  is  not  oomplete 
(i.e.,  more  sorties  or  "legs"  are  required),  the  airoraft  is 
oonflgured  to  rafleot  requirements  for  its  nest  leg  and  then  sent 
on  to  the  departure  phase.  If  not  at  home  base,  the  aircraft  is 
also  subjeot  to  maintenance  problems  whioh  might  have  ooourred 
during  approach,  landing,  or  engine  shutdown  (if  required);  these 
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problems  may  require  that  the  eirorett  abort  to  home  baee  or  be 
grounded  at  its  ourrent  location,  or  sore  probably  will  singly 
delay  the  airoraft's  entry  into  the  departure  phase.  (These 
enroute  maintenance  problems  would  normally  not  prevent  ottload, 
but  would  affect  mission  continuation  or  resohedul inq;  therefore, 
they  need  not  be  taken  into  aooount  until  the  oontinuation  oheok.) 
If  an  aireraft  has  oompleted  its  mission,  it  is  ready  to  take  on 
another  mission,  as  determined  by  the  sohedulinq  function.  If  a 
mission  is  soheduled,  the  airoraft  proceeds  to  the  departure  base. 
If  not  at  home  base  and  no  mission  oan  be  soheduled,  the  aircraft 
is  routed  direotly  to  home  base;  if  at  home  base,  the  airoraft  is 
held  until  a  mission  becomes  available. 

System  Operation 

Perhaps  the  operation  and  limits  of  the  Alaskan  airlift 
system  oan  best  be  illustrated  by  following  an  airorew  through  a 
sample  18-hour  orew  duty  day,  as  shown  in  Figure  4.  It  is 
important  to  note  that  this  will  show  operation  in  a  wartime 
soenario;  some  of  the  procedures  and  techniques  mentioned  are 
oommonly  used  in  "high-flow"  situations  and  oan  often 
substantially  Improve  ground  and  enroute  times  over  "standard" 
times.  (The  duty  day  illustrated  is  similar  to  one  which  the 
author  aotually  eseeuted  during  ARCTIC  CIRCLE  80  and  is  typloal  of 
what  would  be  espeoted  in  support  of  a  major  Army  move  to  western 
Alaska  in  wartime.) 

Typical  Mission.  At  Elmendorf  at  0800,  a  fresh  orsw  arrives 
at  the  airoraft  to  supervise  the  loading  of  an  Army  ohalk  bound 
for  Granite  Mountain  Airport  (an  austere  forward  airhead  800  miles 
northwest  of  Anohorage);  the  ohalk  oonsists  of  15  troops  and 
personal  equipment,  a  "GAMA  GOAT"  (articulated  sts-wheeled  Army 
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Figure  4:  Typical  Alaskan  Airlift  Mission 
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all-terrain  truck),  and  miseel laneous  non-pal  tat i sad  equipment. 
With  tho  holp  of  Aorial  Port  load  teams,  the  onload  takes  loos 
than  a  half  hour.  Engine  start  and  warmup  taka  anothar  tan 
minutas;  minimum  da  lay  is  experienced  on  tasi-out  and  dapartura 
and  tha  airoraft  is  airborna  and  out  of  tha  Anohorage  araa  by 
0700.  Aftar  crossing  tha  Alaska  Range  and  about  halfway  to 
Cranita  Mountain,  tha  craw  dascands  to  300  fast  above  tha  ground 
to  bagln  low-laval  tarrain-f ol lowing  tactics;  this  is  nacassary 
baoausa  anamy  fightar  activity  is  possible  in  Western  Alaska  and 
escort  will  not  be  available  for  this  mission.  Fortunately,  tha 
weather  is  middle-level  overcast,  which  provides  naar-parfaot 
cover  for  tho  unarmed  airlift  aircraft  while  still  allowing  full 
employment  of  terrain-following  tactics.  Following  a  preplanned 
low-laval  corridor  which  avoids  known  and  suspected  enemy  ground 
forees,  the  crew  makes  good  a  planned  arrival  time  of  0950 
overhead  Granite  Mountain.  However,  there  are  already  two 
airoraft  on  the  ground  and  no  spaoe  for  another  aircraft,  so  tha 
inbound  orew  orbits  at  low  level  a  few  miles  from  tha  field  until 
one  of  the  airoraft  on  tha  ground  takas  off.  Aftar  landing  at 
1003  on  the  partially  snow-covered  gravel  runway,  the  crew  must 
turn  around  and  baok-tasi  down  tha  runway  to  tha  small  offload 
area.  While  taxiing,  the  Ioadmaster  opens  tha  ramp  and  door  to 
aspadlta  offload  and  begins  to  remove  the  tiedown  chains  from  the 
vehicle.  As  the  airoraft  pulls  into  the  parking  area  at  1010,  the 
GAMA  GOAT  is  started  and  the  troops  have  thetr  gear  in  hand;  whan 
the  airoraft  is  finally  stopped,  engines  are  left  running  sines 
ground  time  is  expected  to  be  vary  short.  As  tha  aircraft  stops, 
the  last  tiedown  ehain  is  removed  from  the  vehicle,  the  oargo  ramp 
is  lowered  to  tha  ground,  and  tha  vahiola  is  driven  off.  The 
troops  offload  their  personal  equipment  and  then  return  to  assist 


the  IflidMittr  in  removing  the  thousand  pounds  of  aisosl  lansous 
equipment  (ammunition,  radios,  and  food);  ths  offload  Is  oompleted 
at  1020,  having  taksn  only  ton  minutes. 

During  ths  offload,  the  crow  is  advised  of  its  nest  mission 
by  the  forward-base  aerial  port  load  team:  there  are  several  Army 
personnel  who  must  return  to  Calena  Airport  (being  used  as  an  Army 
helicopter  staging  base)  and  two  pallets  of  damaged  helicopter 
support  equipment  to  return  to  Wainwright  AAF  (at  Fairbanks).  The 
returning  Army  personnel  board  iamediately  and  the  pallets  are 
loaded  one  at  a  time  with  an  all-terrain  forklift  after  the 
inbound  load  is  offloaded.  The  return  load  is  on  board  by  1040 
and  the  pilot  tasis  to  the  end  of  the  runway  for  takeoff;  engines 
were  never  shut  down  during  the  30  minutes  in  the  parking  area, 
thus  saving  10  to  IS  minutes  on  departure.  By  1050,  the  crew  is 
out  of  the  Granite  Mountain  area  enroute  to  Galena,  flying 
low-level  until  out  of  the  possible  enemy  threat  area.  Arriving 
at  Galena  at  1130,  the  pilot  exeeutes  a  straight-in  VFR  approach 
and  taxis  direotly  to  the  parking  area.  The  passenger-only 
offload  takes  only  a  few  minutes  and  the  aircraft  is  airborne 
again  by  1203  enroute  to  Wainwright.  Sinoe  there  is  no  threat  in 
this  area,  the  flight  to  the  Fairbanks  area  oan  be  oonduoted  at 
normal  altitudes  (15000  to  23000  feet).  Arriving  at  Wainwright  at 
1310,  the  pilot  is  able  to  make  a  no-delay  approaoh  and  landing 
thanks  to  Wainwrlght's  twin  runways;  offload  is  completed  by  1330. 

While  offloading  at  Wainwright,  the  engineer  notloes  that 
number  three  engine  has  lost  considerable  oil;  after  shutting  down 
the  engine  and  performing  a  qulok  inspeotion,  the  problem  is 
diagnosed  as  a  worn  oil  line  whloh  should  be  replaoed.  Sinoe 
there  are  no  maintenance  faeilities  in  the  Fairbanks  area  oapable 
of  dealing  with  the  problem,  the  ai reraft  ooumander  and  the 


engineer  deoide  that  the  leaking  oil  lino  will  porait  sofa  flight 
book  to  Elaendorf .  Sinoo  thoro  ora  no  loads  ot  Woinwright  bound 
for  Elaondorf,  tha  aircraft  daparts  eapty  for  hoaa  at  1343. 

Bafora  doparting  Vainwright,  tha  pilot  advises  tha  Elaondorf 
ooaaand  post  of  tha  aalntananea  problaa  and  his  lntantions;  tha 
oontrollor  at  Elaondorf  agroas  with  tha  plan  and  advises 
aaintonanoo  personnel,  who  swot  tho  inbound  alroraft  on  arrival  at 
1443  and  bogin  work  laaadiataly  to  raplaea  tha  faulty  lino.  As 
soon  as  tha  oil  lino  is  raplaoad  and  several  minor  problems  ara 
eorraetad,  tha  airoraft  it-  rafuolad,  with  tha  antiro 
aaintonanoo/ rafual ing  prooass  eonplata  at  1330. 

Tha  nast  mission  is  anothar  Army  ohalk  for  Cranito  Mountain, 
this  tiao  consisting  of  30  troops  and  parsonal  aquipaant,  plus  ono 
pallet  of  aamunition.  Tha  troops,  cargo,  and  a  load  taaa  with 
forklift  ara  at  tho  airoraft  by  tho  tiao  saintonanoo  is  finished, 
ready  to  bogin  loading.  Sinoo  tho  projected  mission  duration 
<outbound  and  subsequent  return  to  Elaondorf)  is  only  about  sis 
hours,  tha  or aw  should  bo  able  to  return  homo  before  tho  and  of 
its  14-hour  orow  day  at  ZZ00;  thus,  a  now  oraw  is  not  required. 
Tho  loading  is  complete  at  1330,  engines  ara  started  without 
inoidont,  and  tho  airoraft  is  airborne  by  1815. 

The  airoraft  lands  at  Granite  Mountain  at  1843  with  no  delay, 
and  tha  offload  is  ooaplete  at  1800.  Thera  ara  no  loads  at 
Granite  Mountain  for  Elaondorf,  and  sinoo  tho  oraw  does  not  have 
sufficient  orsw  day  left  to  bogin  a  mission  for  any  other  base, 
tho  airoraft  daparts  oapty  for  hoaa  at  1805.  Tho  orow  finally 
loaves  tho  airplane  at  Elaondorf  after  shutting  down  engines  at 
Z130 ,  ton  minutes  short  of  a  18-hour  oraw  day.  Enrouto  to  begin 
their  lZ-hour  orow  rest,  tho  old  oraw  meats  tha  aircraft's  now 
orow  at  tha  eoamand  post;  tha  old  orow  quiokly  briefs  tha  now  oraw 
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on  onrouto  condition*  and  on  the  airoraft  status,  thus  allowing 
ths  now  orow  to  tako  tho  airoraft  without  a  t ime-oonsuming  full 
proflight  inspootion.  Tho  rotiring  orow  thon  departs  for  orow 
rost . 

With  minor  alterations  in  load  and  destination,  this  soonario 
is  repeated  until  all  missions  are  eompleted.  As  oan  be  seen,  the 
Alaskan  theater  airlift  system  operates  largely  on  a 
”line-of-sight"  scheduling  basis  during  a  major  move,  with 
missions  being  assigned  to  airoraft  as  they  beooms  available,  and 
with  mission  esaoution  being  dependent  almost  completely  on  we  1 1 
defined  factors  wi thin  the  system  itself. 

SBBSil 

This  chapter  has  outlined  the  oonoeptual isation  of  the 
Alaskan  airlift  system.  The  system  is  basically  Independent  of 
outside  interaotions  and  can  be  visualised  as  a  dosed  network 
through  whloh  airoraft  carrying  missions  can  oiroulate.  This 
oiroulation  oan  be  viewed  as  a  four-phase  cyole,  with  eaoh  phase 
representing  a  functional  division  of  the  system.  In  order  to 
move  from  one  base  to  another,  an  airoraft  passes  through  eaoh  of 
the  four  phases  in  a  prescribed  sequence.  The  nest  chapter  will 
treat  the  breakdown  of  the  system  into  its  components,  and  will 
disouss  the  assumptions  and  limitations  which  were  neoessary  to 
fit  these  components  into  the  oontest  of  the  simulation  model. 


Theater  Airlift  Requirements 

In  a  mtUm  Alaskan  scenario,  Airlift  rcqalrmnti  for  the 
first  w«fc  to  two  weeks  of  operation  htv«  boon  reasonably  wo 1 1 
identified.  Although  the  ootaol  figures  ere  elAssifled,  the 
generei  nature  of  airlift  missions  to  be  performed  is  not.  The 
most  iamediate  missions  would  eonsist  of  deployment  of  Air  Foroe 
fighter  maintenance  support  paokages  to  forward  fighter  alert 
bases  in  antioipation  of  increased  fighter  aetivity;  another 
series  of  missions  would  involve  resupply  by  airdrop  of  the  widely 
scattered  Alaska  Army  National  Cuard  Scout  units  in  the  western 
part  of  the  state.  Regular  Iogistios  missions  in  support  of  the 
Ground  Controlled  Intereept  (CCD  radar  station  network  oould  be 
espeoted  to  oontinue  at  their  normal  rate  (onoe  or  twloe  weekly  to 
eaoh  site)  and  perhaps  to  inorsase  if  some  of  the  13  stations  had 
been  daswged  in  an  initial  attack. 

Within  a  short  tisui  (as  soon  as  two  to  three  days)  Army  smses 
from  the  Railbelt  to  the  inoursion  area  would  begin.  The  mission 
sequenoes  for  such  stoves  oould  be  espeoted  to  follow  the  general 
pattern  of  the  ARCTIC  CIRCLE  80  exercise,  which  required  more  than 
one  hundred  missions  to  move  a  battalion  into  helieopter  striking 
distance  of  an  enemy  on  the  west  ooast.  The  time  required  to 
oomplete  a  one-battalion  move  oould  be  as  little  as  a  few  days 
(based  on  ARCTIC  CIRCLE  80)  or  more  than  a  week  (Ref  2).  If  a 
second  battalion  were  to  be  moved  to  the  field  issaediately  after 
the  first,  the  airlift  requiresMnt  would  increase  even  more,  since 
resupply  missions  for  the  first  bat tal ion  would  then  be  needed. 
If  all  three  battalions  were  to  be  moved  as  quiokly  as  possible, 
the  airlift  load  might  esoeed  400  missions  in  the  first  two  weeks 
of  wartime  operation  (a  mission  equals  one  load  or  series  of  loads 
ploked  up  and  delivered,  and  may  involve  several  sorties;  eaoh 
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•or tie  is  o no  takeo It  and  on*  landing).  Anothor  soureo  of 
missions  oould  bs  fuel  resupply  to  forward  fighter  bases,  should 
their  fuel  storage  oapabillty  be  affeoted;  suoh  resupply  requires 
that  one  or  more  C-130s  be  dedicated  indefinitely  to  a  oontinuous 
fuel  shuttle.  There  is  a  possibility  that  suoh  a  fuel  shuttle 
might  be  needed  for  Army  foroes  as  well  under  some  oondttions  (Ref 
2)  . 

Return  loads  to  the  main  bases  are  generally  a  function  of 
the  outbound  mission  flow,  and  oonslst  largely  of  empty  pallets, 
equipment  for  repair,  and  personnel;  these  oan  be  estimated  based 
on  past  esperienoe.  The  major  inbound  mission  load  would  be  the 
redeployment  of  foroes  to  the  main  bases  after  the  incursion  has 
been  dealt  with. 

Mlsslon/toad  Integrity.  Although  some  missions  would  be  of 
an  emergeney  or  quielc-reaotion  nature,  most  outbound  loads  would 
be  in  support  of  major  Army  movements  or  pro-identified  Air  Foroe 
needs.  Loads  for  these  known  requirements  have  been  well 
identified  and  have  been  presised  and  planned  for  movement  by 
C-130.  Although  it  would  be  espeoted  that  sane  of  these  loads 
would  be  "broken"  and  that  the  advanoe  loading  plans  would  not 
always  be  adhered  to,  model  simplicity  requires  that  loads  be 
regarded  as  integral  units.  In  this  way,  loads  oan  be  treated  as 
individual  entitles  to  be  moved  through  the  system  and  the  ooaples 
prooess  of  load  eonstruotion  and  breakdown  need  not  be  modeled. 
The  relatively  few  emergency  or  unplanned  requirements  would  be 
est lasted  and  included  in  the  overall  mission  input. 

Eaoh  mission  would  thus  represent  a  pra-sised  C-130  load  (or 
"chalk",  whan  referring  to  Army  loads)  vdiieh  is  available  for 
onload  at  a  spool  tie  base  at  or  after  a  given  "ready"  tlae.  Once 
onloaded,  the  load  must  be  delivered  through  the  system  to  its 
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speoified  destination  or  destinations;  onot  delivered,  the  mission 
is  complete  and  oan  be  removed  from  the  system.  For  purposes  of 
tracking  mission  completion,  each  load/mission  oan  be  identified 
by  a  unique  mission  number. 

toad  Types .  The  types  of  loads  whieh  could  be  espeoted  to  be 
moved  in  Alaska  (or  in  any  C-130-or iented  theater  airlift  system) 
oan  be  broken  into  two  general  classes  —  loads  requiring 
materials  handling  equipment  (MHE)  and  loads  whieh  do  not.  The 
primary  loads  requiring  MHE  (forklifts  or  K-Ioaders)  are  those 
involving  various  amounts  of  palletised  oargo,  which  could  inolude 
food,  ammunition,  fuel,  or  general  supplies.  MHE  is  Invariably 
required  to  load  palletised  oargo  onto  C-130s,  and  MHE  greatly 
speeds  the  offload  of  suoh  oargo.  For  Alaska,  loads  needing  MHE 
oan  be  simplified  into  two  groups:  full  and  partial  palletised 
loads.  Full  palletised  loads  oonslst  of  four  or  five  pallets, 
while  partial  loads  oonsist  of  three  or  fewer  pallets  and  other 
oargo  whieh  is  non-pal  let i sad  (and  thus  oooupy  MHE  for  a  shorter 
period  of  time);  the  difference  between  the  two  is  simply  one  of 
time  required  for  onload  and  offload. 

Unlike  many  other  airlift  alreraft,  C-130s  oan  offload 
palletised  oargo  without  MHE;  this  prooedure  is  known  as  oombat 
offload  and  oonsists  of  little  more  than  sliding  pallets  down  the 
alreraft  cargo  ramp  directly  onto  the  ground  behind  the  airplane. 
However,  oombat  offloaded  pallets  take  up  ramp  space  (which  is 
sometimes  scares)  and  must  be  dismantled  on  the  spot  or  dragged 
clear  by  trucks  or  other  vehioles.  Thus,  although  the  aircraft 
oan  depart,  ramp  space  is  still  bloeked  by  the  offloaded  oargo. 
Additionally,  oombat  offload  involves  some  risk  to  the  oargo  under 
certain  eondltions,  and  in  any  ease  the  standard  oargo  pallets 
normally  used  are  prone  to  damage.  Sinoe  these  pallets  must  be 
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reused,  and  lino*  oombat  offloaded  oargo  blocks  valuable  rasp 
•pact  and  is  often  difficult  to  remove  quiokly,  tho  oombat  offload 
procedure  would  ba  usad  in  Alaska  only  as  a  last  rasort  at 
looations  wftara  MHE  is  normally  available. 

A  great  many  loads  in  Alaska  would  not  require  MHE  either  for 
onloading  or  offloadling.  These  loads  include  passengers,  rolling 
stock,  snwenohines  and  sleds,  and  non-rolling  cargo  which  oaa  be 
"manhandled**.  These  non-MKE  loads  oan  be  lumped  together  in  tars is 
of  time  needed  for  onload/offload.  There  are  exoeptlons,  of 
course,  but  these  are  primarily  in  onload  times  —  sueh  as  backing 
a  GAMA  GOAT  and  1-1/2  ton  trailer  up  an  ley  oargo  ramp  with  an 
inesper ienoed  driver.  Most  non-MKE  loads,  however,  have 
oonsistently  short  offload  times  —  the  GAMA  GOAT  and  trailer 
wtiloh  vras  so  diffloult  to  back  onto  the  alroraft  oan  be  driven 
straight  off  in  a  matter  of  seoonds  at  the  forward  base.  Sinoe 
most  time  problems  are  enpeoted  to  ooour  at  forward  bases  with 
limited  faoilitles,  and  sinoe  loads  suoh  as  the  GAMA  GOAT  would 
not  normally  be  onloaded  at  these  looations  during  the  major 
outward  push,  non-MKE  loads  oan  be  safely  aggregated.  (As  an 
additional  factor,  treatment  of  all  possible  non-MHE  load 
combinations  would  present  an  almost  Insuperable  problem  in  terms 
of  model  eomplexity.) 

Load  Times.  Aotual  load  times  in  Alaska  have  never  been 
documented,  although  most  persons  with  operational  experience  in 
the  theater  oan  give  good  estimates.  In  sumomr,  these  times  do 
not  vary  muoh  from  worldwide  "standard"  load  times,  but  in  winter 
they  are  considerably  longer,  particularly  at  forward  looations. 
As  a  baseline,  the  MAC  Airlift  Center  (ALCEMTl  at  Pope  AFB  has 
done  extensive  studies  on  time  required  to  perform  various  basio 
aotivities  involving  MfE  under  carefully  measured  conditions.  A 
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single  pallet  offload  with  a  forklift,  for  instanoe  takes  about 
seven  minutes,  while  an  onload  would  need  about  tan  ainutas  (Rat 
10).  No  formal  figures  ara  aval  labia  for  non-MHE  aotivities,  but 
thasa  oan  readily  be  estimated.  For  Alaska,  available  "standard" 
figures  oan  be  used  as  a  basis  for  non-winter  aotivities;  slnoa 
distributions  of  thasa  times  ara  not  available,  and  slnoa  espeoted 
minimum,  and  maximum  times  oan  be  fairly  easily  estimated, 
triangular  distributions  ara  assumed.  Slnoa  winter  and  oold 
weather  would  most  directly  affaot  operations  at  austara  forward 
bases,  winter  oargo-handl ing  times  at  these  looations  oan  be 
approximately  doubled. 

Airdrops .  Airdrops  play  an  Important  role  in  Alaska,  and 
several  assumptions  ara  required  for  their  inoluslon  in  the  modal. 
First,  formation  airdrops  would  require  a  substantial  inereasa  in 
complexity;  therefore,  airdrops  ara  assumed  to  be  single-ship 
only.  This  is  aooeptable  for  an  Alaskan  modal,  slnoa  most 
airdrops  would  be  either  single-ship  or  smal 1 -a lament  missions 
(Ref  13);  in  any  oasa,  airdrop  priorities  oan  easily  be  set  to 
insure  simultaneous  or  nearly  simultaneous  scheduling  of  a  group 
of  related  missions.  Saoond,  only  two  types  of  loads  ara 
permitted:  cargo  (ineluding  all  types  of  equipment  drops  which 
require  WE  for  onload),  and  personnel  (which  do  not  require  WE). 
Load  times  for  both  types  are  equal  and  inolude  extra  time  for 
neoessary  briefings  and  for  the  more  oompl looted  loading 
prooedures.  Third,  airdrops  are  not  allowed  to  onload  at 
bare-base  forward  looations  or  at  CC1  sites,  and  oonversely  are 
not  allowed  to  be  exeouted  at  other  than  those  looations.  (There 
would  normally  be  no  need  to  onload  airdrops  at  forward  bases  in 
any  ease,  nor  would  there  be  any  need  for  airdrops  in  rear  areas.) 
All  airdrops  in  forward  aones  oan  be  represented  by  airdrops  at 
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the  appropriate  forward  base,  lino*  airdrops  ars  not  subject  to 
HOC  or  traffio  liaitations  and  thus  will  not  bs  affsotod  by 
atroraft  landing  at  thass  looattons.  (Airdrop  missions 
effectively  bypass  ths  arrival  and  dsparturs  phasss  of  destination 
bases.)  Lastly,  all  airdrop  aircraft  must  return  to  Elmendorf  on 
ooapletion  of  their  airdrops;  although  primarily  for  model 
simpli f ioatlon,  this  is  often  the  case  in  praetloe,  sinoe  most 
airdrops  originate  at  Elmendorf  and  sinoe  speoial  airdrop 
equipment  must  be  returned  for  reoyeling. 

Priority  and  Risk.  As  in  any  system  where  the  number  of 
items  to  be  moved  oan  eseeed  the  oapability  to  move  them,  some 
form  of  prioritisation  is  required.  In  Alaska  this  is  especially 
important,  since  the  sequence  in  whioh  Army  ohalks  are  moved  can 
be  orltioal.  (For  instanoe,  the  model  must  see  that  the  missions 
carrying  MHE  to  a  bare-base  forward  airhead  are  oompleted  before 
follow-on  all-oargo  missions  attempt  to  land  there.)  Priority 
can  be  represented  by  a  single  priority  number  assigned  to  eaoh 
mission  before  it  is  input.  Ties  among  missions  of  the  same 
priority  oan  be  broken  by  earliest  ready  time.  This  is  a 
reasonable  representation  of  the  normal  Air  Foroe  airlift  priority 
system,  and  follows  very  closely  the  actual  practice  used  in 
Alaska  during  eserolses.  Additionally,  if  threat  is  to  be 
considered,  missions  must  be  assigned  an  "acceptable  risk  level", 
whioh  represents  the  risk  of  loss  beyond  which  the  mission  will 
not  be  undertaken.  (For  instanoe,  the  airdrop  missions  needed  to 
seoure  a  forward  airhead  may  need  to  be  flown  at  all  oosts,  while 
normal  resupply  missions  to  GCI  stations  may  not  justify  any  risk 
at  all.)  Although  the  Air  Foroe  has  no  formal  system  to  identify 
risk  in  this  manner,  assignment  of  risk  levels  to  missions  is  an 
attempt  to  model  the  "de  facto"  prooess  used  by  most  planners  and 
schedulers  in  suoh  situations. 
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Aircraft  Limitations. 


Airlift  miliioni  in  Alaska  oan  ba 


broken  into  administrative  and  taotioal  classes  based  on  mission 
itinerary  and  airoraft  capability  required.  Administrative 
missions  are  those  whioh  do  not  transit  a  threat  area  and  whioh  do 
not  require  low-level  flight,  assault  landings/ takeoff s,  or 
airdrops.  These  are  generally  "milk  runs"  in  rear  areas  whioh  are 
required  for  routine  theater  logistios  support,  and  oan  be  flown 
by  aircraft  in  a  degraded,  non-taotical  status.  Taotioal 
missions,  on  the  other  hand,  require  fully  mission-oapable 
airoraft  and  oan  be  usually  be  espeeted  to  encounter  a  threat 
environment  of  some  sort.  Although  there  are,  of  oourse,  as  many 
possible  levels  of  airoraft  capability  as  there  are  items  on  the 
Minimum  Equipment  List,  it  is  convenient  for  modeling  purposes  to 
use  only  the  taotioal  vs  non-taotioal  distinotion.  It  should  be 
noted  that  this  is  a  departure  from  the  normal  Air  Foroe  use  of 
the  terms  "fully  mission  capable”  (FMC)  and  "partially  mission 
oapable"  (FMC).  In  praet’oe,  almost  all  C-130s  in  Alaska  are 
routinely  PMC  for  one  or  more  inoperative  or  degraded  systesus, 
even  though  these  systems  are  frequently  not  required  for  taotioal 
missions.  Thus,  "real-life”  use  of  FMC  and  FMC  has  beoome  nearly 
meaningless;  the  author  will,  therefore,  use  these  terms  to 
represent  "taotioal  mission  oapable"  and  “non-taetloal  mission 
oapable"  eselusively.  (Taotioaliy  oapable  airoraft  oan,  of 
oourse,  fly  any  mission.)  Most  missions  in  Alaska  Mhieh  oan  be 
aooomplished  by  non-taotioal  airoraft  oan  easily  be  Identified, 
and  so  mission  input  to  the  model  oan  be  espeoted  to  ref  loot  this 
requirement . 

Summary  of  Mission  Assumptions.  Airlift  requirements  in  the 
Alaskan  system,  then,  oan  be  represented  by  missions  uftose 
progress  oan  be  tracked  through  the  system  and  whose  completion 


oan  be  readily  identified.  Thas*  mission*  hava  ready  times, 
sirera ft  capability  required,  priorities,  risk  levels,  and 
individual  mission  number*.  Eaoh  mission  also  has  an  itinerary 
consisting  of  an  originating  base  and  one  or  more  destination 
bases  (to  be  transited  in  sequenoe) .  Lastly,  eaoh  mission 
speoifies  what  type  of  load  is  to  be  onloaded  and/or  offloaded  at 
each  stop  along  its  itinerary. 

i 

Airlift  Aircraft  and  Airorews 

Airoraft  Types.  The  primary  military  airlift  airoraft  in  the 
Alaskan  Theater  Is  the  C-130  Hercules,  which  is  flown  by  all 
currently  assigned  theater  airlift  units.  Additionally,  any 
airlift  augmentation  to  Alaska  by  CCNUS  forces  would  be  by  C-130 
units  only.  Although  intertheater  airlift  airoraft  (C-141s  and 
C-5s)  might  be  used  to  move  oargo  into  the  main  bases  in  the 
Anohorage  and  Fairbanks  areas,  these  strategio  airlift  airoraft 
are  not  suited  for  intratheater  work  and  in  any  oase  would  be  of 
muoh  greater  value  in  their  strategio  role.  The  wartime  Alaskan 
airlift  fleet  would  also  include  Civil  Reserve  Air  Fleet  (CRAF) 
airoraft,  whioh  are  pre- i dent  1  fled  oivilian  airoraft  whioh  would 
ooms  under  Air  Fores  control  in  a  national  emergeney.  The  CRAF 
oontribution  to  Alaskan  wartime  airlift  is  relatively  minor  and 
oould  be  assumed  to  operate  completely  independently  of  military 
airlift.  CRAF  oapabillty  would  remain  reasonably  eonstant  and 
would  be  dedicated  allusively  to  non-taotieal  missions. 
Aoeordingly,  CRAF  operations  need  not  be  modeled  and  CRAF  missions 
oan  be  dedueted  from  the  overall  airlift  requirement  before  its 
input  into  the  military  airlift  model. 


Even  with  only  C-130  airoraft  in  the  system,  seme  assumptions 
must  still  be  made.  First,  it  oan  safely  be  postulated  that  ths 


Alaskan  thaatar  would  raeaiva  sufficient  warning  to  ganarata  all 
airoraft  prior  to  "taro  hour".  Additionally,  it  is  assumed  that 
any  augiaantat ion  aircraft  from  tha  CONUS  would  ba  in  plaea  prior 
to  tha  start  of  tha  mission  flow.  Thus,  all  airoraft  for  modal 
o*a  ara  considered  to  ba  avallabla  in  FMC  status  at  tha  baginning 
of  tha  simulation.  (Sines  Alaska  is  assumad  to  ba  "on  its  own",  a 
modal  raaltstioally  should  not  considar  augmentation  or 
replenishment  of  lost  airoraft  or  oraws.) 

C-130  Modal  Intaroparabl 1 i ty .  There  ara  sufficient 
diffaranoas  between  various  models  of  C-130s  (between  tha  C-130A 
and  all  other  versions  in  particular)  to  prevent  full 
intarohangaabi 1 1 ty  of  airoraft,  crews,  and  parts;  soma  possible 
augmenting  CONUS  units  still  operate  tha  C-130A.  However, 
asaroisas  suoh  as  JACK  FROST  and  BRIM  FROST  in  Alaska  have  shown 
that  this  problem  need  not  ba  sign! f leant.  In  praetloa,  only 
pilots  and  anginaars  would  naad  to  ba  rastrlotad  to  thair 
partioular  modal  airoraft;  even  than,  many  "A-modal"  pilots  have 
asparlanoa  in  other  types,  and  soma  "other  types"  pilots  (suoh  as 
tha  author)  hava  asparianoa  in  "A-models".  In  wartime,  it  is 
reasonable  to  aspaot  that  more  than  a  few  pilots  and  anginaars 
oould  quickly  beooma  "dual  qualified"  if  tha  naad  arose.  It  ean 
also  ba  aspaetad  that  this  prooess  would  ba  duplloated  by 
maintenance  personnel,  for  whom  tha  dlstinotions  between  types  ara 
lass  ori tioal . 

In  addition  to  being  "dual  qualified"  if  required,  alroraws 
oan  ba  oonsidarad  equally  eapable  with  regard  to  oapability  to  fly 
various  types  of  missions.  Spool f ioal ly,  all  erews  in  tha  thaatar 
oan  ba  assumad  to  ba  oapable  of  performing  required  taotloal 
maneuvers  (terrain-following  flight,  short  field  and  maximum 
effort  landings,  and  airdrops).  This  has  bean  MAC  polioy  for  many 
years  and  has  proven  to  ba  a  viable  oonoept . 
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Cow  Day  Considerations.  A  prlury  limiting  factor  on  crows 
is  ths  craw  dsy/crsw  rsst  oyols.  In  peacetime,  orsws  are  limited 
by  MACH  53-130  to  sixteen  hours  from  initial  preflight  briefing  to 
completion  of  the  last  official  postflight  activity  (usually  soon 
after  the  last  home  offload  or  engine  shutdown);  this  limit  is 
twelve  hours  if  the  mission  any  of  the  previously  listed  tactioal 
maneuvers.  Crew  day  is  limiting  in  that  a  crew  cannot  undertake  a 
new  mission  which  would  require  that  it  exceed  its  crew  day;  on 
the  other  hand,  missions  once  begun  will  normally  be  finished 
regardless  of  expiration  of  crew  day.  For  model  simplification, 
crew  day  length  will  be  uniformly  applied  to  all  orews  regardless 
of  type  of  mission. 

In  practice,  crews  in  Alaska  usually  return  to  Elmendorf  to 
orew  rest  exoept  in  special  ciroumstanees ;  in  any  case,  orew  rest 
in  wartime  would  not  be  planned  for  outlying  bases  exoept  in 
emergency  conditions  or  for  a  grounded  airoraft.  The  model, 
therefore,  can  assusia  that  all  crews  will  begin  and  terminate 
their  duty  periods  at  home  base,  regardless  of  conditions  which 
may  keep  them  "in  the  system"  in  excess  of  their  orew  day.  The 
minimum  time  between  the  end  of  one  orew  duty  day  and  the 
beginning  of  the  next  is  twelve  hours,  whioh  provides  for  eight 
hours  of  sleep  and  time  for  pre-  and  postflight  personal 
aotlvltles.  Regardless  of  orew  day  length,  the  12-hour  crew  rest 
period  has  been  proven  to  be  the  minimum  acceptable  on  a  long-term 
basis  (more  than  a  few  days).  Therefore,  the  model  assumes  that 
the  12-hour  orew  rest  period  is  mandatory  between  orew  duty 
periods  and  oannot  be  interrupted  onoe  begun,  and  that  all  orew 
rest  and  orew  changes  must  be  eonduoted  at  home  base. 

Under  normal  conditions  a  crew's  duty  day  inoludes 
considerable  time  before  takeoff  for  preflight  briefings  and 
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tr«u  which  are  treated  as  single  entities  for  model 
simplification.  Elmendorf  AFB  and  Anohorage  International  Airport 
ean  be  combined  into  the  Elsmndorf  oomples,  while  Eielson  AFB, 
Vainwright  AAF ,  and  Fairbanks  International  Airport  oonstltute  the 
Fairbanks  oomples.  For  theater  airlift  purposes,  each  of  these 
oompleses  is  considered  to  have  unlimited  ramp  spaoe  and 
cargo-handling  capability.  (Parking  areas  are,  in  faet,  very 
estensive  at  these  locations,  and  Army  load  teams  are  espeoted  to 
signif ioantly  contribute  to  ea r go-hand 1 ing  capability.) 
Maintenance  and  refueling  for  C-130s,  however,  is  limited  to 
Elmendorf;  maintenance  considerations  will  be  disoussed  shortly. 
Each  main-base  comples  oan  be  considered  to  have  no  traffic 
limitations  thanks  to  multiple  runways,  tasiways,  and  instrument 
approaches,  thus  allowing  aircraft  at  these  locations  to  tasi, 
take  off,  and  land  slsuil taneously . 

Forward  Bases.  All  forward-area  bases  are  considered  to  have 
traffio  and  cargo  handling  limitations,  whioh  usually  vary  from 
location  to  looatlon  and  whioh  ean  be  regarded  as  resouroes 
partioular  to  eaoh  such  base.  Forward-area  bases  oos^r ise  three 
oategorles;  all-weather  airports,  CCI  sites,  and  bare-base  forward 
airheads.  All-weather  bases  include  military  joint-use  fields 
such  as  Galena  and  King  Salmon  and  larger  State  airports  such  as 
Bethel  and  MeCrath.  These  airfields  have  paved  runways,  preoislon 
Instrument  approaohes,  regular  runway  maintenance  and  snow 
removal,  ooamunt eat  ions  facilities,  and  usually  soma  MHE. 

Bare-base  airports  include  all  other  airfields  —  inoluding 
forward  airheads  —  which  are  essentially  VFH-only  and  whioh 
generally  reguire  use  of  assault  landing  and  takeoff  procedures. 
Bare-base  airfields  are  usually  unpaved,  lack  regular  maintenance, 
and  often  have  no  permanent  faoillties.  In  some  eases,  they  may 
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E>a  abandoned  military,  mining,  or  oil  esploration  airfields  which 
wore  originally  built  for  C-130  uss  but  art  now  in  various  states 
of  disrspair.  CC1  sites  are  physically  similar  to  bare  base 
airfields  but  differ  in  that  they  have  regular  maintenance, 
limited  Instrument  approaoh  capability,  some  MHE,  and 
oommuni oat  ions  faollities.  However,  CC1  sites  have  only  a  minimal 
mission  load,  even  in  wartime  (unless  a  CCI  site  were  to  be  ohosen 
as  an  Army  airhead)  and  so  oan  be  treated  in  muoh  less  detail  than 
other  forward  area  bases  involved  with  major  mission  flows. 

Forward  Base  Saturation.  Of  key  importance  is  that  all 
forward  airports  have  a  maximum  number  of  aircraft  on  the  ground 
(MDG)  which  is  used  as  a  saturation  point.  MOGs  at  all  fields  are 
based  on  available  rasip  spaoe  only,  and  aircraft  arriving  at  a 
saturated  field  must  hold  until  spaoe  is  available.  (HOC  at 
forward  fighter  alert  bases  is  eonsldered  to  be  based  only  on  that 
portion  of  the  airport  regularly  available  for  airlift  use; 
likewise,  ground  support  and  traffic  limitations  assume  dedioated 
resources  for  and  minimum  oonfliot  between  airlift  and  fighter 
aircraft.)  In  general,  saturation  at  forward  bases  is  avoided  by 
scheduling  missions  at  Intervals  which  keep  holding  to  a  minimum; 
this  is  particularly  Important  in  wartlsw  because  of  threat 
considerations  and  the  ever-present  need  to  keep  wasted  flying 
time  to  a  minimum.  For  this  purpose,  a  separate  "flow  rate" 
figure  based  on  HOC  and  anticipated  average  ground  time  oan  be 
used;  for  the  forward  airfield  at  Granite  Mountain  (used  in  ARCTIC 
CIRCLE  90),  this  figure  was  found  to  be  about  three  airoraft  per 
hour.  Because  of  oommuni eat  ions  limitations  in  most  of  Alaska 
(VHP  and  UHF  are  useless  at  very  low  altitudes  and  HP  is  usually 
only  marginally  reliable)  aircraft  are  assumed  to  be  oompletely 
"out  of  touoh"  while  enroute  in  forward  areas;  aooordlngly. 


missions  onos  dispatched  otnnot  bs  hsld  or  oalled  b«ok  —  ths 
modsl's  only  control  over  forward  bass  saturation,  then,  is  in  ths 
scheduling  process. 

Cargo-Handling  Capability.  Cargo  handling  capability  oould 
bsooms  a  (astor  at  forward  bases  even  though  almost  all  offloads 
at  saoh  looations  oould  be  aooomplished  without  MHE  if  absolutely 
required.  However,  use  of  MHE  has  been  found  to  espedite  forward 
base  operations  and  is  desirable  if  at  all  possible.  Although 
soma  attention  has  been  given  to  use  of  a  specially  modified 
ZSK-loader  at  forward  airheads,  all-terrain  forklifts  have  been 
the  standard  item  of  MHE  in  the  field  beoause  of  generally  adverse 
oonditlons  at  most  forward  airheads  (mud,  snow,  uneven  ground,  and 
laok  of  maintenance).  In  any  oase,  these  two  types  of  equipment 
can  be  considered  to  oonstitute  all  forward-area  MHE  in  Alaska. 

Fighter  alert  bases  such  as  Galena  already  have  small 
in-plaoe  aerial  port  detachments  with  MHE;  GCI  stations  usually 
have  a  single  forklift  and  operator  (which  is  normally  sufficient 
for  their  very  limited  needs).  At  bare-base  airheads  such  as 
Granite  Mountain,  MKE  and  aeoompanying  Air  Force  personnel  would 
be  airlifted  in  on  the  first  few  aircraft  to  land.  For  model 
purposes,  all  MHE  and  Air  Foroe  personnel  are  considered  to  be 
aboard  the  first  aircraft  to  land  at  a  bare-base  forward  airhead. 
Further,  all  MHE  (at  any  location)  is  assumed  to  have  sufficient 
operators  and  support  to  allow  it  to  operate  around  the  clock. 

While  MKE  is  desirable  for  offload,  it  is  essential  for 
onload  of  palletised  equipment.  At  forward  airheads,  however,  the 
heavy  Initial  flow  is  outbound  from  the  main  base  areas,  with  MHE 
onloads  at  these  locations  limited  largely  to  empty  pallets,  empty 
fuel  bladders,  and  the  odd  piece  of  damaged  equipment  being 
returned  for  repair.  Accordingly,  MKE  at  bare-base  forward 
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airheads  would  probably  bo  loss  oritioal  during  tho  tho  Initial 


outward  push  than  during  a  redeployment .  Accordingly,  tho  model 
assumes  that  oft  loads  oan  bo  aooomplishod  If  nood  bo  without  MHE , 
while  onloads  always  roguiro  MHE. 

Humbor  of  Bases.  In  most  eseroises  conoorned  with  wart ime 
Alaska,  airlift  aotivlty  has  besn  centered  on  a  handful  of  bases: 
the  main  bases  at  Anchorage  and  Fairbanks,  a  forward  Army  airhead, 
and  one  of  the  forward  fighter  alert  bases  used  as  a  staging  base 
for  the  move  to  the  Army  forward  airhead.  Thus,  for  a  preliminary 
model  suoh  as  the  one  ourrently  being  disouseed,  the  important 
aspects  of  wartime  airlift  in  Alaska  oan  bo  oapturod  in  a 
five-base  network:  the  two  main  bases,  a  forward  fighter  alert 
base,  a  forward  Army  airhead,  and  a  single  CCI-type  base  (whioh 
oan  represent  all  suoh  bases  beoause  of  their  low  rate  of  use). 

Alroraft  Maintenance  and  Reliability 

Even  though  alroraft  reliability  and  maintenance  must  be 
considered  in  an  Alaskan  theater  model,  it  is  not  the  purpose  of 
the  author  to  oonduct  an  in-depth  analysis  of  maintenance  data  for 
C-130s  in  general  or  for  Alaska  in  partioular.  Sinoe  this  data  is 
not  well  organised  and  in  some  oases  is  not  available,  such  an 
analysis  would  in  itself  eonstitute  a  major  project.  Further, 
there  oan  bo  no  attempt  to  model  tho  home-base  maintenance 
aotivlty  system  in  more  than  minimal  detail  in  order  to  maintain 
model  simplloity.  Therefore,  aircraft  reliability  and  maintenance 
accountability  will  be  modeled  only  in  a  very  broad-brush  manner. 

Maintenance  and  reliability  affect  the  Alaskan  airlift  system 
in  two  ways:  by  causing  alroraft  to  need  estra  time  for 


troubleshooting  and  repair  and  by  causing  alroraft  to  abort 
underway  missions.  Tho  former  reduoes  aircraft  availability  for 


scheduling  at  home  base  end  also  delay*  alroratt  with  missions 
already  assigned  (both  at  home  base  and  at  outlying  locations). 
Aborts  are  more  disruptive  to  the  mission  (low  stnoe  they  require 
an  aircraft  to  Interrupt  eseeution  of  its  assigned  mission  and 
return  to  home  base;  aborted  missions  must  usually  bo  assigned  to 
another  aircraft,  almost  always  with  eitra  delay  involved  for 
offloading,  resohedul tng ,  and  onloadlng. 

Home  Base  Malntenanoe.  As  previously  discussed,  all  Alaskan 
C-130  malntenanoe  oapabillty  is  oonfined  strictly  to  Elmendorf  and 
considered  to  be  essentially  unlimited  in  terms  of  manpower, 
equipment,  and  parts.  The  desired  purpose  of  the  malntenanoe 
function  in  this  model  is  only  to  ref  loot  the  delays  will  oh 
airoraft  would  inour  for  required  malntenanoe  on  eaoh  transit  of 
home  base,  and  a  detailed  treatment  of  the  malntenanoe  network  is 
unnecessary.  (Study  of  malntenanoe  networks  has  already  been  the 
topio  of  several  intensive  analysis  efforts,  and  is  beyond  the 
soope  of  this  model.) 

Although  the  author  had  a  "ball-park"  idea  of  what  these 
maintenance  delay  figures  should  be,  attempts  were  made  to  find 
esisting  data  for  confirmation  and  refinement.  The  first  souroe 
considered  vies  Air  Force  Acquisition  and  Loglsties  Division 
(AFACD)  Pamphlet  900-4,  "Acquisition  Management  Airoraft 
Historloal  Reliability  and  Kaintalnabi 1 1 ty  Data."  This  dooweent  is 
one  of  the  most  comprehensive  of  all  malntenanoe  swsmaries  for  Air 
Force  airoraft,  and  provides  data  for  all  models  of  the  C-130  baok 
to  1972.  Data  from  this  dooument  can  provide  an  esaet  number  of 
"maintenance  events"  for  each  major  airoraft  system  for  a  given 
period,  and  oan  as  well  give  an  average  number  of  manhours  spent 


on  eaoh  event  (Ref  1). 


However,  this  deta  wee  found  to  be  of  little  help  in  this 
oase,  einoe  the  manhour  figure*  oould  not  be  related  to  aotual 
delay  enoountered  by  eaoh  airoraft  (average  number  of  men  working 
on  eaoh  problem  was  not  available).  Further,  no  time  distribution 
oould  be  found  because  the  figures  gave  only  total  nusAers  of 
aotivities  and  manhours  per  system.  And  lastly,  even  the  average 
figures  were  far  too  high  to  be  reoonoiled  with  the  author's 
esperienoe.  Although  these  figures  may  be  representative  of  the 
oost  in  manhours  to  operate  a  C-130  fleet  in  peaoetime  over  a  long 
period  of  time,  they  do  not  refleet  the  aotual  figures  which 
affeet  day-to-day  flying  operations.  In  particular,  these  figures 
are  nearly  an  order  of  magnitude  higher  than  the  real-life  delays 
which  the  author  encountered  during  eseroises  which  approximated 
the  eondltions  under  oonslderation  for  this  model. 

Another  souroe  of  maintenance  delay  figures  was  found  at  HQ 
USAF/SAGM  (Studies  and  Analysis,  Mobility  Branoh) .  Faced  with 
much  the  same  problem  as  the  author,  analysts  in  that  of  floe  have 
oonstruoted  a  simple  model  of  the  C-130  maintenance  delay  flow 
(called  "TRI -OHBIT" ) .  Their  data  indicates  that  from  landing  to 
takeoff  at  home  base  a  C-130  oould  expeot  to  have  no  appreolable 
delay  49%  of  the  time,  approximately  30  minutes  of  delay  11%  of 
the  time,  about  10.3  to  13  hours  37%  of  the  time,  and  much  longer 
delays  for  the  remainder  of  the  time  (Ref  22).  These  figures, 
while  more  speoiflo  and  appropriate  than  the  AFALD  800-4  figures, 
still  yielded  an  average  maintenance  delay  per  home-base  transit 
of  over  five  hours.  Again,  these  figures  were  muoh  higher  than 
those  aotual ly  experlenoed  by  the  author,  although  they  oould 
possibly  be  eonsidered  an  upper  bound  representing  unusually 
adverse  oonditions. 


In  the  tbitnc*  of  any  formal  data  whloh  aoomod  reasonable, 
tho  author  was  forood  to  draw  upon  his  esper lance  to  aeoount  for 
malntananoa  daisy  tn  Alaska.  Tha  and  rasult  is  a  homa-basa 
maintonanoa  natwork  whloh  looks  at  four  possibla  malntananoa  araas 
for  aaoh  aireraft  arriving  at  homa  basa.  First,  aaoh  airoraft  is 
givan  10  to  30  minutas  of  minor  malntananoa,  ragardlass  of  any 
othar  indloatad  problems;  this  would  aooount  for  thruflight 
inspaotlons  and  sueh  i tarns  as  changing  light  bulbs  or  making  minor 
adjustments  to  radios.  Nast,  aaeh  airoraft  has  a  probability  of 
problams  in  ona  (or  mora>  of  thraa  major  systam  oatagorlas  — 
anginas  (4%),  propallars  (4%),  and  “othar  systems"  (7%).  This 
braafcdown  was  daoidad  upon  aftar  discussions  with  HQ  t/SAF/SAGM 
modalars  whloh  varifiad  tha  author's  initial  astimata  that  about 
half  of  all  slgnlf leant  problams  in  tha  C-130  eonoarnad  anginas 
and/or  propallars  (Ref  13).  In  addition  to  thasa  sat 
probabi litias,  an  airoraft  automat ioat ly  reoelves  malntananoa  for 
any  major  systam  idantlfiad  as  having  oausad  an  abort  (dlsoussad 
shortly) . 

If  angina  or  propallar  malntananoa  is  indloatad,  tha  airoraft 
runs  a  10%  risk  of  major  malntananoa  (angina  ohanga,  ato.)  and  90% 
of  minor  rapairs  (adjustments,  simple  component  replacement, 
ato.).  Problems  assoeiatad  with  anginas  and  propallars  are  always 
repaired  and  tha  airoraft  returned  to  FMC  status,  based  on  tha 
assumption  that  these  two  systems  are  essential  for  flight.  For 
“other"  systems,  tha  probability  is  30%  that  tha  problem  oan  be 
fisad  and  30%  that  it  oannot ;  if  fined,  tha  airoraft  is  rstorned 
to  sarvloa  in  FKC  status,  and  in  PMC  status  if  not.  Eaoh  time  a 
PMC  aireraft  undergoes  maintsnanee  it  thus  has  a  30-30  ohanea  of 
being  returned  to  FMC  status.  In  any  ease,  an  airoraft  is  never 
"grounded"  at  homa,  although  it  may  bo  eonsidarably  delayed  by 
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maintenance  activities  and  may  be  returned  to  servioe  in  a 
degraded  status.  (The  possibility  ot  nonreparable  damage  or 
nonavailability  of  parts  is  not  addressed;  for  the  present,  all 
maintenance  problems  are  considered  to  be  ultismtely  resolvable.) 

Servioe  times  for  these  activities  were  drawn  from  the 
author's  esperienoe;  distributions  are  assumed  to  be  triangular. 
(The  triangular  distribution  is  useful  when  minimum,  maximum,  and 
most  likely  values  can  be  determined  and  a  piecewise  linear 
density  function  seems  appropriate  (Ref  17:30).)  The  approximate 
range  of  these  times  was  confirmed  by  discussions  with  Alaskan 
airlift  operations  and  maintenance  personnel  during  the  past  year 
(Ref  9).  Sinoe  proper  operating  procedures  oan  usually  keep  cold 
weather  reliability  rates  reasonably  olose  to  non-winter  rates, 
winter  and  cold  temperatures  would  primarily  affeot  maintenance 
through  extended  servioe  times  for  outdoor  activities.  Sinoe  data 
for  this  aspeot  of  maintenance  is  totally  unavailable,  summer 
service  times  are  approximately  doubled  for  winter  conditions. 

Aborts .  Aborts  can  ooour  eithsr  inflight  or  on  the  ground; 
the  primary  distinguishing  feature  of  aborts  is  that  they  involve 
the  interruption  of  the  execution  of  a  mission.  A  HQ  USAF/SAGM 
study  has  indicated  that  C-130  maintenance  failure  rates  are 
heavily  dependent  on  sortie  rates  rather  than  aotual  equipment 
operating  time  (Ref  19).  For  theater  airlift  model  purposes, 
then,  the  effeot  of  aborts  needs  to  be  refleoted  in  an  abort  rate, 
or  probability  of  abort  per  sortie.  Fortunately,  some  usable  data 
is  available  for  C-130  malntenanee-related  aborts,  primarily  in  a 
1977  study  by  the  Air  Force  Human  Resources  Laboratory  (AFHRL) 
(Ref  3).  This  study  indicated  that  aborts  oeourred  with  nearly 
equal  frequency  in  the  air  and  on  the  ground,  and  that  about  half 
of  all  aborts  in  both  eases  resulted  from  engine  and/or  propeller 


problem*.  Further  study  by  HQ  USAF/SAGM  indicated  that  about  half 
of  the  air  aborts  occurred  on  takeoff /ol 1 about  or  descent/ landing, 
and  that  overall  abort  rates  eould  be  approsimated  by  a  5% 
probability  of  abort  per  sortie  (Ref  18);  these  figures  agreed 
closely  with  the  author's  operational  eaperienoe.  (It  should  be 
noted  that  the  AFHRL  study  indicated  an  overall  abort  rate  of 
2.8%,  which  both  the  author  and  HQ  USAF/SAGM  personnel  regarded  as 
low,  even  under  wartime  conditions.  It  is  possible  that  this 
disparity  is  due  to  a  slight  differenoe  in  definition  of  abort 
events  between  operations  and  maintenance  reporting  systems.) 

For  the  Alaskan  model,  the  5 %  figure  is  appropriate. 
Alroraft  are  considered  to  be  esposed  to  risk  of  abort  in  three 
instances:  enroots,  engine  start,  and  engine  shutdown.  For 
enroute  aborts,  every  alroraft  is  assessed  a  2.5%  ohanee  of  abort 
on  eaoh  sortie;  the  affeoted  system  is  then  identified  and  flagged 
for  appropriate  home  base  maintenance  aotlon  using  the  "standard" 
breakdown  of  23%  engines,  23%  propellers,  and  30%  other  systems. 

Engine  start  and  shutdown  abort  probabilities  are  1.25%  eaoh, 
with  affeoted  oomponent  being  deoided  as  outlined  above.  Sinoe 
engine-running  offloads  and  onloads  are  used  wherever  possible  at 
forward  bases,  the  start/shutdown  probabilities  apply  only  when  an 
airoraft's  ground  time  eaoeeds  (or  oan  be  espeeted  to  esoeed)  43 
minutes,  whloh  is  a  reasonable  cutoff  for  engine- running  ground 
operations  in  Alaska.  This  feature  Mans  that  the  full  3%  abort 
rate  applies  only  to  sorties  with  both  engine  start  and  shutdown; 
some  missions,  therefore,  will  be  subfeet  to  2.5%  or  3.73%  abort 
rates,  refleoting  the  fewer  problems  involved  in  engine-running 
ground  operations.  All  aircraft  must  shut  down  engines  at  home 
base  and  so  are  subject  to  engine  start  problems  when  beginning  a 
mission;  likewise,  the  probability  oheek  by  the  home-base 
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maintenance  event  oin  ba  considered  to  inolude  hoaa-baaa  shutdown 
problems.  To  refleot  non-oritioal  problams  which  inevitably  ooour 
in  (laid  situations  but  whloh  merely  oausa  delays  rather  than 
oausa  aborts,  small  percentages  are  inoluded  in  the  start  and 
shutdown  eheeks  for  delay-only  problems;  these  problems  siaply 
impose  a  short  (up  to  an  hour)  delay  on  the  aircraft  before  it  oan 
prooeed. 

The  model  also  ref  loots  in  a  limited  way  the  possibility  that 
an  aircraft  oan  be  grounded  at  an  outlying  base.  This  is  done  by 
inoluding  a  very  small  probability  of  a  grounding  problem  in  the 
start  and  shutdown  oheoks.  If  an  aircraft  is  grounded,  its  oargo 
is  offloaded  and  made  available  for  pickup  and  continuation  by 
another  aircraft  and  the  aircraft  itself  is  put  on  "hold"  at  its 
current  looation  until  a  maintenance  mission  oan  arrive  from  home 
base.  (These  maintenance  missions  are  commonly  oalled  "rescue" 
missions.)  Onoe  the  resoue  mission  has  arrived  and  has  offloaded 
maintenance  equipment  (a  new  engine  or  tire  or  perhaps  only 
oritioal  parts,  as  well  as  personnel  and  eguipsmnt  to  perform  the 
repairs)  the  grounded  airoraft  is  allowed  to  begin  repairs,  tdiioh 
customarily  take  considerable  time;  no  figures  of  any  kind  are 
available  for  this  aetivlty,  so  the  figures  used  are  strlotly 
based  on  the  author's  esperienoe.  (Croundings  are  not  al lowed  at 
bare-base  forward  airheads  or  at  CCI  sites  under  the  assumption 
that  sueh  airfields  would  be  subject  to  enemy  threat;  in  wart ime 
emergency  eases,  C-130s  oan  almost  always  take  off  even  with  major 
system  failures,  to  include  inoperative  engines  or  propellers.) 

Abort  Houtino.  All  aborting  missions  are  constrained  to 
return  to  home  base,  under  the  twin  assumptions  that  all 
maintenance  is  at  home  base  and  that  it  is  easier  to  reschedule  a 
mission  from  home  base  than  from  an  outlying  base.  (This  is  a 
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major  difference  from  the  Europe&n  scenario,  where  en  aborted  or 
diverted  load  could  use  turfioe  transportation  to  move  from  one 
forward  base  to  another.)  On  arrival  at  home  base,  it  is  assumed 
that  the  aborting  aircraft  will  not  be  available  for  mission 
continuation  (due  to  maintenance,  etc.),  thus  requiring  that  the 
aborted  mission  be  offloaded  and  made  available  for  rescheduling. 
If  a  mission  is  aborted  while  only  partially  eompleted,  the 
remaining  cargo  and  itinerary  constitute  a  "continuation"  mission 
with  the  original  mission  number,  ready  time,  risk,  and  priority; 
this  ensures  that  swift  attention  will  be  given  to  completion  of 
aborted  missions.  This  continuation  mission  is  then  made 
available  for  rescheduling,  and  the  original  mission  is  not 
considered  complete  until  the  continuation  mission  is  finished. 
If  an  aircraft  aborts  on  a  position  leg  (enroute  to  piok  up  its 
mission)  its  intended  mission  is  immediately  made  available  for 
resoheduling.  In  some  oases,  such  as  a  grounded  aircraft,  a 
continuation  mission  may  be  entered  in  the  system  at  an  enroute 
base. 

Geography,  Threat,  and  Weather 

Alaska  can  be  divided  into  two  regions:  the 
central /southcentral  Rallbelt  containing  the  major  population 
centers  and  main  bases,  and  the  forward  operating  area 
encompassing  the  Aleutians  and  western  and  northern  Alaska.  The 
primary  differenoe  between  the  two  areas  is  esistence  (or  absenoe) 
of  road  and  rail  transportation  networks. 

The  forward  operating  area  oan  be  divided  into  several  sones 
for  ease  in  assessing  weather  and  threat  considerations  (Figure 
9).  Generally,  these  areas  represent  major  geographioal  divisions 
of  the  state  which  tend  to  have  internally  consistent  weather 
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patterns  (e.g.,  ths  sntirs  Lower  Yukon  Valley  would  go  below 
wee  the r  minimum*  et  once).  Vsethsr  pettsrns  end  enemy  eotivity 
ere  assumed  to  have  interrelated  effects  on  airlift  mission 
oapablllty  in  the  forward  area. 

Enemy  Activity.  While  operations  in  the  Railbelt  area  oan  be 
oonsidered  far  enough  "behind  the  lines"  to  be  free  from  enemy 
attaok,  forward-area  airlift  missions  oould  have  to  contend  with 
hostile  aotion.  An  enemy  incursion  of  less  than  division  sise  in 
western  Alaska  would  necssarily  be  forced  to  spread  out  over  a 
large  area  if  movement  into  the  interior  of  Alaska  were  desired. 
In  so  doing,  the  density  of  enemy  forces  would  be  very  low, 
completely  unlike  oonditions  ezpeoted  to  obtain  in  centre!  Europe. 
In  all  probability,  there  would  be  no  continuous  FEBA,  but  rather 
a  series  of  force  ooneent rat ions  with  little  or  no  enemy  presence 
between  major  areas  of  activity  (Ref  IS). 

Sinoe  airlift  aircraft  have  no  self-defense  capability  other 
than  low-level  flight  and  use  of  terrain  masking  and  camoullage, 
airlift  missions  would  strictly  avoid  known  or  suspected  enemy 
forces.  Airlift  missions  near  known  enemy  concentrations  (such  as 
traditional  mass  airdrops  on  enemy  rear  areas)  would  not  be 
attested,  although  oarefully  planned  and  eseouted 
speoial-operat ions- type  missions  within  the  enemy  area  of  oontrol 
should  be  possible  because  of  the  very  low  force  density 
antiopiated  (Ref  IS).  Aeoordlngly,  threat  can  be  considered  to  be 
air-to-air  only. 

Host  airlift  missions  would  traverse  areas  with  little  or  no 
enemy  activity,  and  accordingly  could  be  safely  oonduotod. 
However,  enemy  fighters  oould  operate  from  oaptured  western-AIaska 
airfields  and  thus  present  an  air-to-air  threat  to  airlift, 
tserelses  in  Alaska  have  shown  that  C-130s  at  low  altitudes  (500 
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feet  or  less  above  the  ground)  oan  usually  avoid  datsotion  by 
enemy  aircraft,  avan  without  ascort .  With  asoort  (or  avan  wi th 
friandly  fighters  oparating  in  tha  saaa  vioinity),  airlift 
aircraft  using  low-laval  taotios  run  virtually  no  risk  of 
intaroapt .  Kowavar,  C-130s  which  oannot  usa  low-laval  avoldanoa 
and  concealment  ara  vary  vulnarabla,  avan  with  asoort.  It  should 
also  ba  notad  that  an  intaroapt  of  a  C-130  by  a  fightar  would 
undoubtedly  result  in  a  kill,  so  probability  of  intercept  for  this 
discussion  oan  ba  equated  with  probability  of  kill  (Ref  15). 

Since  weather  is  virtually  tha  only  faotor  which  prevents  usa 
of  low-laval  tactics,  waathar  conditions  must  ba  considered  whan 
evaluating  threat  and  risk.  Tha  least  desirable  oondition  would 
ba  weather  such  as  fog  or  low  clouds  which  prevents  low-leval 
flight.  This  would  force  airlift  airoraft  to  olimb  to  higher 
altitudes  where  risk  of  detection  by  enemy  fightars  would  ba  much 
greater;  without  asoort,  this  would  ba  a  high-risk  situation,  and 
avan  with  asoort,  it  could  still  ba  considered  as  presenting  a 
moderate  risk.  Clear  waathar,  on  tha  other  hand,  would  allow  usa 
of  low-laval  tactics,  but  would  present  at  least  a  small  ehanoa  of 
visual  datsotion  by  enemy  fightars;  this  would  ba  a  low-risk 
situation,  and  prosanoa  of  asoort  would  remove  virtually  all  risk. 
Kiddle  level  olouds  would  ba  tha  ideal  oondition  for  airlift, 
slnoa  low-laval  flight  would  ba  possible  and  enemy  fightars  would 
probably  be  foroad  to  remain  above  tha  olouds;  airlift  airoraft 
would  probably  require  no  airlift  at  all  in  this  situation. 

Weather  and  Darkness.  Weather  oan  ba  assumed  to  fall  into 
one  of  four  oatagorias  —  olaar  (or  high  olouds),  middle  olouds, 
low  olouds,  and  fog.  Clear  waathar  permits  all  types  of 
operations,  as  do  middle  cloud  conditions.  Low  olouds  are  sueh 
that  low-level  flight  (visual  terrain-following  flight  at  less 


57 


than  1000  (t«t  above  tha  ground)  Is  not  possible,  although 
nonpreoision  approaches  oan  be  suooesstully  completed.  (Airdrops 
are  oonsidered  to  be  possible  if  nonpreoision  approaoh  minimum* 


oan  be  met.)  Fog  prohibits  all  low-level  and  approaoh  operations 
esoept  for  approaches  to  faoilities  having  precision  instrument 
approaoh  facilities  (ILS  or  CCA). 

No  distinction  is  made  between  night  and  day  for  low-level 
and  airdrop  missions,  sinoe  the  oover  offered  by  darkness  is 
usually  thought  to  offset  the  substantially  higher  enroute 
altitudes  required.  Moreover,  use  of  Station-Keeping  Equipstent 
(SKE)  allows  muoh  flesibility  in  night  formation  missions,  and 
greatly  reduoes  problems  previously  oaused  by  Inadvertent  weather 
penetration  (Ref  IS) .  Operations  at  forward  airfields  oan  usually 
be  oonduoted  at  night,  provided  that  even  minimal  field  lighting 
oan  be  provided;  forward  airfields  involved  in  large-scale  moves 
oan  be  assumed  to  be  lighted. 

Enroute  Time.  Sinoe  distanoe  is  one  of  the  major 
oonslderat ions  in  Alaska,  flying  times  between  bases  for  airlift 
airoraft  must  be  carefully  eaamined.  Generally,  airlift  enroute 
times  fall  into  two  categories;  normal  and  low-level.  Low-level 
segments  are  flown  at  lower  airspeeds  (generally  about  230  knots, 
vs  200  knots  for  normal  oruise)  and  are  also  generally  about  23% 
longer  than  dlreot  routings  because  of  terrain  considerations. 
Accordingly,  missions  through  threat  sones  would  require  about  50% 
more  flying  time  than  non-low-level  missions  through  threat-free 
areas,  resulting  in  a  decreased  mission  oapabillty  for  a  given 
amount  of  flying  time. 

For  model  simpl 1 f ioat ion,  only  a  single  flying  time  will  be 
used  between  any  pair  of  looations;  this  time  will  assume 
low-level  flight  in  forward  sones  and  normal  flight  in  rear  sones. 


and  direct  routing  between  all  locations.  Additionally,  aaeh 
point-to-point  routing  will  be  iiiuud  to  transit  a  specific 
ssqusnoa  of  weather/ throat  sonos.  Sinoo  airlift  orows  on 
low-level  missions  routinely  praotioo  making  times  of  arrival 
(TOAs)  within  plus  or  minus  two  minutes,  these  times  oan  be 
assumed  to  be  unvarying. 


airmmirv  of  Assumptions 

This  ohapter  has  outlined  the  major  assumptions  neoessary  to 
inoorporate  various  system  components  into  the  model.  The  most 
isq>ortant  of  the  assumptions  are: 

Theater  Airlift  Requirements: 

—  All  requirements  are  Identifiable  and  consist 
of  missions  whloh  oan  be  treated  as  indi¬ 
vidual  entities. 

—  Inputs  from  outside  the  theater  will  be 
negligible . 

—  Eaoh  mission  has  a  priority,  an  acceptable 

risk  level,  and  an  earliest  time  available. 

—  Missions  are  preslsed  for  C-130  movement  and 
have  preset  itineraries. 

—  Eaoh  mission  has  a  specif io  load  type,  either 
requiring  MHE  or  not  requiring  MHE. 

—  Onload/offload  times  assume  wartime  operations; 
times  are  doubled  for  winter. 

—  Airdrops  are  single-ship,  either  eargo  or 

personnel,  and  must  terminate  at  Elmendorf. 

—  Airdrops  oan  only  be  executed  at  forward 
airheads  or  GCX  sites. 


Missions  are  either  taotloal  or  non-taotloal ; 


airoraft  in  similarly  tactioally  (fully) 
oapabla  or  non-taetioally  (partially)  oapabla. 
Airoraft  and  Alreraws 

—  Tha  systam  am  only  C-130#;  tha  CRAF  la  not 

oonsidarad . 

—  All  aircraft  and  ertwi  ait  basad  at  Elaandorf, 

aa  ara  all  aaintananoa  and  fualing  faoilltlas. 

—  All  airoraft  and  orawa  ara  avallabla  and  in  fully 

eapabla  oondition  at  tha  atart  of  tha  aiaulation. 

—  Lost  raaouroas  will  not  ba  raplaoad. 

--  C-130  modal  diffaranoaa  do  not  oauaa  slgnifioant 
oparational  problaaa. 

—  Craw  day  bagins  at  or aw  arrival  at  tha  airoraft 

prior  to  tha  firat  onload  and  anda  aftar  tha 
laat  offload;  oraw  day  langth  la  tha  aaaa  for 
all  orawa  ragardlaaa  of  mlaaion  typo. 

—  Craw  rant  is  12  hours  and  must  ba  oonductad  at 

Elaandorf;  oraws  ara  lndofinitaly  avallabla 
for  assignaant  ones  rastad. 

Airtiald  Typas 

—  Thaatar  airlift  aetivltias  oan  ba  adaguataly 

roprasantad  by  a  fiva-baaa  natwork. 

—  Airfialds  oan  ba  oatagorlsad  as  aain-basa  or 

forward  bass. 

—  Confliet  with  othor  thaatar  flying  aotlvitias 

will  ba  nagligibla  at  all  basas. 

—  Main  basas  ara  aggragatas  of  aajor  airfialds  and 

hava  no  traffio  or  ea r go-hand 1 ing  liaitations. 

—  Forward  basas  hava  Xiaitod  ground  spaoa  and  oargo- 

handling  oapabilitlas  and  ara  subiaot  to  flow 
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restriction*  to  prsvsnt  iioiii  delay. 

—  Forward-base  MHE  constat*  only  of  forklifts  and 

K-loaders . 

—  All  forward-bass  MHE  is  assumed  to  bs  in-plaoa. 

—  Pallstissd  oargo  oan  bs  offloadsd  without  MHE  if 

rsquirsd;  pallstissd  onloads  must  havs  MHE. 
Maintsnanos  and  Sol lability 

—  Maintsnanos  and  rsliability  affsct  aircraft  flow 

by  causing  delays  and/or  aborts. 

—  Maintsnanos  ohsoks  ars  mandatory  aaeh  time  an 

airoraft  transits  horns  bass. 

—  Homs-bass  maintsnanos  oan  bs  rsprsssntsd  by  a 

simplified  activity  oausing  delays  of  varying 
length  for  airoraft. 

—  Aborts  oan  bs  rsprsssntsd  by  a  (maximum)  overall 

3%  ohanos  of  abort  per  sortie. 

—  Airoraft  cannot  suffer  grounding  problems  at 

forward  airheads  or  CCI  sites. 

—  All  aborts  must  return  to  home  base;  aborting 

aircraft  oannot  oontlnus  an  assigned  mission. 
Geography,  Threat,  and  Weather 

—  The  theater  oan  be  divided  into  ten  sones  for 

weather  and  threat  consideration;  weather 
is  the  same  for  all  locations  within  a  sons. 

—  Ground  threats  in  forward  areas  oan  be  avoided; 

airlift  airoraft  must  eontend  only  with  air- 
to-air  threat. 

—  Risk  oan  be  oatagorlsed  as  low,  medium,  and  high 

and  is  uniform  throughout  a  sons;  probability 
of  dsteotion/kil 1  oan  be  rsprsssntsd  by  a 
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••t  probability  for  eaoh  oategory. 

—  Whan  present,  esoort  proteots  all  missions  in  a 
son* . 

—  Waathar  oonditiona  oan  be  rapraaantad  by  four 
ItTtli:  good,  Mdini,  bad,  and  fog;  oaoh 
laval  has  various  affaots  with  ragard  to 
throat  and  instrument  approach  oapability. 

—  Flying  times  between  bases  are  filed. 

The  neat  chapter  will  disouss  the  oomputer 1  sat  ion  of  the  model  and 
the  partioular  methods  by  whioh  the  assumptions  were  incorporated 
into  the  SLAM/ FORTRAN  program. 


•t 


IV.  Comput trlut ion 


flMrrtt* 

Having  esaminad  tha  various  faetora  which  must  ba  lnoluded 
and  having  made  oartain  assumptions  about  thair  traatmant,  tha 
oomputar i sat  ion  of  tha  modal  itself  ean  ba  dasocibad.  This 
ohaptac  will  first  discuss  tha  salaotion  of  tha  simulation 
languaga  and  tha  conoapt  undarlying  tha  construction  of  tha  sutdel . 
Tha  modal  itsalf  will  than  ba  dasoribad,  with  particular  attention 
given  to  tha  mission  entry  provisions  and  tha  scheduling  funotion. 
Finally,  special  features  of  tha  modal  will  ba  outlined. 

Language  and  Conoapt  cf  Construction 

Since  tha  system  consists  of  entities  (missions)  whioh  must 
ba  moved  from  point  to  point  via  specified  routings,  and  since 
many  of  tha  faotors  affecting  this  flow  have  limits  on  thair 
utilisation,  a  simulation  languaga  which  incorporates  both 
networks  and  queues  would  ba  appropriate.  Two  sueh  languages  are 
currently  available  —  Q-GERT  (Craphioal  Evaluation  and  Review 
Technique  with  Queueing)  and  SLAM  (Simulation  Language  for 
A1 ternative  Model ing)  (Refs  If, 17).  Both  are  FORTRAN- based  and 
allow  for  various  modes  of  network  switching  as  well  as  for 
automatic  generation  of  random  variates.  SLAM,  however, 
incorporates  all  of  the  features  of  Q-GERT  and  makes  many 
improvements,  and  additionally  allows  intarmising  of  dlsorete  and 
network  modes  of  simulation.  Most  importantly,  SLAM  allows 
virtually  unlimited  use  of  FORTRAN  inserts  to  amplify  network 
aotlvities,  thus  giving  the  modeler  a  very  high  degree  of  control 
over  stodel  operation  (Ref  17). 


13 


This  mods I  w»i  begun  in  Q-GERT,  but  it  was  rapidly  apparent 
that  SLAM  eould  provide  much  more  fleslbllity.  In  particular, 
SLAM  allows  the  oonsol idat ion  of  the  very  oomples  scheduling 
funotion  into  a  single  FORTRAN  subroutine,  thus  saving  mere  than  a 
hundred  nodes  and  aotivities.  Given  the  ability  to  effect  sueh 
eonsol idat ion,  it  would  be  possible  to  oompletely  eliminate  the 
network;  however,  the  author  has  found  it  more  useful  to  strike  a 
oompromise,  keeping  the  network  framework  intaot  for  ease  of 
visualisation  while  combining  oomples  or  repetitive  aotivities 
into  we  11 -documented  FORTRAN  subroutines.  This  has  the  additional 
benefit  of  allowing  mueh  of  the  model  to  be  pre-oompi led  and 
stored  as  a  binary  objeot  file,  resulting  in  mueh  less  memory  and 
time  required  for  loading  and  compilation. 

SLAM  provides  another  major  advantage  in  its  use  of  "global 
variables",  which  oan  be  individually  set  for  eaeh  run  and  which 
can  be  used  to  control  almost  all  network  funotions  suoh  as 
branching.  Whan  combined  with  SLAM's  ability  to  al low  mul tipis 
runs  with  changing  of  global  variables  and  other  conditions 
between  eaoh,  the  possibility  esists  to  design  a  model  whose 
parameters  oan  be  controlled  almost  oompletely  by  use  of  global 
variables  <Ref  17).  This,  in  turn,  permits  the  model  to  be  used 
to  eseeute  complicated  esperlmental  designs  with  a  minimum  of 
effort.  The  author  designed  this  model  for  sueh  control;  Tables  I 
and  II  list  the  global  variables  whieh  oan  be  used  to  set  levels 
for  various  faetors  (and  their-default  values). 

Network  Desoriotlon 

Network  Circulation.  In  general,  the  model  oiroulates 


alroraft  entities  through  a  system  of  five  bases,  representing  the 
four  types  of  base  determined  to  be  of  most  ooneern  in  the  Alaskan 


TABLE  I:  GLOBAL  VARIABLE  LISTING  (PART  1) 


IA  ■ 

USER  SETS  INITIAL  VALUE,  MODEL  HAY 

ADJUST 

DURING  EXECUTION 

I  > 

USER  SETS  INITIAL  VALUE;  FIXED  PARAMETER 

C  - 

CLOCK  OUTPUT  OR  CLOCK-CONTROLLED 

*  ■ 

INTERNAL  USE  ONLY 

X  - 

NOT  CURRENTLY  USED 

NO  . 

CONTROLS 

TYPE 

DEFAULT 

1 

NO.  OF  AIRCRAFT 

(  IA) 

10 

2 

NO.  OF  CREWS 

(  IA) 

13 

3 

NO.  OF  SPARE  ENGINES 

(  IA) 

SO 

4 

NO.  OF  SPARE  PROPS 

(  IA) 

30 

3-9  - 

X 

10  - 

CREWDAY  IN  MINUTES 

(  I  ) 

980 

11  - 

LOV-THRT  PROB  KILL 

( I  ) 

3% 

12  - 

MED-THRT  PROB  KILL 

(  I  > 

3% 

13  - 

HI-THRT  PROB  KILL 

(  I  ) 

10% 

14-18 

-  X 

20  - 

ETALST  INITIALIZATION 

(•  ) 

21  - 

RUN  TERM  ENABLE  SWITCH 

(*) 

22  - 

MSN  ENTRY  COUNTER 

(*  > 

23  - 

MBN  COMPLETION  COUNTER 

(  *) 

24  - 

CLOSURE  TIME  FOR  RUN  TERM 

(«> 

25  - 

X 

26  - 

TIME-OF-DAY 

(I)  (C) 

00 

27  - 

DAY /NIGHT  OUTPUT 

(C) 

28  - 

DAY  LENGTH 

(*> 

29  - 

START  HOUR 

(*> 

30  - 

DAY  NO.  (BASED  ON  XX(29>> 

(C) 

31  - 

SEASON  ( 1-SUM, 2-FALL, 

3-WINT,4-SPR> 

(  I  ) 

1 

32  - 

DAY/NIGHT  ENABLE  (O-N.l-Y) 

(  I ) 

1 

33  - 

X 

34  - 

WX  OPTION  (0-PRE8ET  VALUES, 

1-ALL  CLEAR, 2-VARY) 

(  I  ) 

0 

33  - 

MHE  OPTION  ( 0-FIXSD, 1-VARY) 

(  I  ) 

0 

38  - 

ESCORT  OPTION  (O-NONE, 

1 -ALWAYS  AVAIL, 2-VARY) 

(  I  ) 

1 

37  - 

THREAT  OPTION  (O-NONE, 

1-PRESET,  2-VARY) 

(  I  ) 

0 

39-40  -  t 

41-30  -  ZONE  VEATHER 

(I)  (C) 

2 

31-90  -  ZONE  THREAT 

(  I ) (C) 

0 

TABLE  II:  GLOBAL  VARIABLE  LISTING  (PART  Z ) 


NO  .  CONTROLS 

SI  -  HOG  BASE  I 

92  -  2 

•3  -  (RESOURCE  3 

S4  -  11  MO C  “  I  4 

65  -  5 

<6  -  MAX  NO  ON  APP/OEP  BASE  I 

S7  -  2 

SB  -  (RESOURCE  3 

6  9  -  " ATC "  1  4 

70  -  5 

71  -  FORKLIFTS  BASE  1 

72  -  2 

73  -  (RESOURCE  3 

74  -  "FK**!  4 

73  -  3 

76  ~  K-LOADERS  BASE  1 

77  -  2 

78  -  (RESOURCE  3 

79  -  “K" J  4 

90  -  3 

81  -  INSTR  APPRCH  CAPY  BASE  1 

92  -  O-NONE  2 

83  -  1 -NONPREC 1 8  I ON  3 

94  -  2-PRECISION  4 

83  -  3 

98  -  HOURLY  FLOW  RATE  BASE  1 

87  -  (MAX  NO  OF  2 

98  -  SCHED  ARRVLS  3 

69  -  PER  HOUR)  4 

90  -  3 

91-88  -  X 

97  -  SCHED  TRACE  (LEVELS  2-9) 

99  -  MTRACE  AND  MI8C  ( LVL  1-3 

99  -  MISC  PRINT  (LEVELS  1-3) 

100  -  X 


TYPE 

X 

X 

(  IA) 
(  IA) 

X 

X 

X 

( I  > 
(I) 

X 

X 

X 

(  IA) 
(  IA) 
X 
X 
X 

(I) 

( I ) 

X 

(I) 

(I) 

( I ) 

( I ) 

( I  > 

X 

X 

( I ) 
(I) 

( I ) 

( I ) 

)  (I) 

( I ) 


DEFAULT 


8 

2 


2 

1 


4 

2 


1 

0 


2 

1 

1 


6 

3 

2 

0 

0 

0 


N  N 


r 


theater.  At  the  various  locations,  mission  entities  ere  loaded  on 
the  alroraft,  which  are  then  routed  through  the  network  dependent 
on  their  assigned  mission.  By  using  aircraft  entities  as  the 
primary  "movers"  in  the  system,  mission  entities  oan  be  removed 
onoe  they  are  "loaded".  This  keeps  the  total  number  of  entities 
in  the  system  to  a  minimum,  thus  reduoing  the  sise  of  the  model. 
(Table  III  outlines  attribute  allocation  for  both  mission  and 
aircraft  entities.)  As  aircraft  complete  their  missions,  they  are 
freed  for  reassignment ,  sub/eot  to  oertain  limitations  which  will 
be  detailed  later. 

Wetwork  Phases.  The  network  consists  of  the  four  mission 
phases  outlined  earlier:  the  cont lnuat ion/ scheduler  phase,  the 
departure  phase,  the  enroute/approaeh  phase,  and  the  arrival 
phase.  Alroraft  arriving  at  a  base  must  pass  through  the  arrival 
phase,  the  oontlnuation/soheduler  phase,  and  the  departure  phase 
in  sequenoe.  Each  base  has  a  separate  arrival  and  departure 
subnetwork,  modeled  to  represent  speolfio  conditions  obtaining  at 
that  base.  Figure  I  outlines  the  overall  network  flow;  Figures 
11  through  18  in  Appendix  A  show  the  networks  and  subnetworks 
for  eaoh  phase  and  base. 

The  arrival  phase  oonsists  of  approaoh,  landing,  tasi-in,  and 
oargo  offload  (if  any).  Different  bases  have  different  structures 
for  eaoh.  Following  completion  of  the  arrival  phase  for  a  base, 
an  alroraft  is  routed  to  the  oontlnuation/soheduler  phase,  which 
notes  the  aircraft's  looation.  The  first  part  of  this  phase  is  a 
oontinuation  oheok,  which  oheoke  for  mission  completion;  if  the 
mission  is  not  complete,  the  mission  information  is  restructured 
for  the  neat  leg  and  the  alroraft  is  routed  to  the  its 
eurrent-base  departure  subnetwork.  If  the  mission  is  complete, 
the  oontinuation  subroutine  sends  the  alroraft  to  the  soheduler, 
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TABLE  III:  ATTRIBUTE  LISTING 


AIRCRAFT  ENTITT 

LAST  TIME  BEGAN  HOKE  NX 
ACFT  MX  STATUS  (1,2,  OR  3) 
FLY  TIME  SINCE  HOME 
ENCINE  START/STOP  MARX 
CUMULATIVE  fLY  TIME 

<8-9  NOT  USED) 


CREV  DAY  START  MARX 
ABORT  STATUS  FLAG  (0-4) 
CURRENT  LEG  ORIG  BASE 
ONLOAD 
OFFLOAD 
DEBT  BASE 

NETWORK  ROUTING  SWITCH 
ACTIVITY  TIKE 

MX  FAILURE  CODE  (2,4,  OR  9) 
RESCUE  SWITCH 
NEXT  LEC  ORIG  BASE 
ONLOAD 
OFFLOAD 
DEST  BASE 
ONLOAD 
OFFLOAD 
DEST  BASE 
ONLOAD 
OFFLOAD 
DEST  BASE 
ONLOAD 
OFFLOAD 
DEST  BASE 
RESTRT  ROUTE  SWITCH 
GNDTIK/ LECTIN 
ONBOARD  MSN  RDY  TINE 

TYPE  ACFT  REO 
MSN  NO 
RISK  LEVEL 
PRIORITY 

RISK  LEVEL  FOR  ACFT 


MISSION  ENTITY 

MSN  READY  TIME 
ACFT  STATUS  REOUIRXD 
UNIQUE  MSN  NUMBER 
RISK  LEVEL  ALLOWED 
MSN  PRIORITY 


(1-19  NOT  USED) 


20-32  SAME  FOR  MSN  ENTITY 


ETE  FROM  ORIG  TO  FIRST  DEST 
SECOND  DEST 
THIRD  BEST 
FOURTH  DEST 
07  NOT  USED) 

E8T  MSN  LENGTH  BACX  TO  HOME 
09-40  NOT  USED) 
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NON-NETWORK  MISSION  ENTITY  FLOW  NON-NETWORK  SELF-CALLING  SUBROUTINES 


Figure  S :  Overall  Model  Or  gen  I ce t I  on 


which  ohecks  for  possible  missions  for  the  aircraft  aooording  to  & 
speeifio  sot  of  rules.  If  a  mission  is  found,  it  is  assigned  to 
ths  airoraft;  if  s  mission  is  not  found,  ths  aircraft  is  sohsdulsd 
for  a  "dsadhsad"  leg  to  horns  bass.  In  sithsr  oass,  ths  aircraft 
is  than  ssnt  to  ths  ourrent-base  dsparturs  subnetwork.  Ths 
dsparturs  phass  eonsists  of  eargo  upload  (it  required),  engine 
start,  tasi-out,  takeoff,  and  dsparturs.  On  departing  a  bass,  an 
airoraft  enters  ths  snroute  phass,  whioh  consists  of  an  snrouts 
subroutine  and  an  approach  subroutine.  Hie  snrouts  ssotion  ohsoks 
weather  and  risk  and  reconfigures  the  airoraft  for  an  abort  to 
home  base  if  required;  it  then  assigns  a  flying  time  to  the 
destination  base  and  routes  the  airoraft  to  the  approaoh  section, 
whioh  in  turn  passes  the  airoraft  to  the  appropriate  arrival 
subnetwork . 

Home-Base  Maintenance  and  Crew  Chance.  The  Base  1  arrival 
and  departure  subnets  differ  from  those  of  the  other  four  bases, 
lass  1  is  oonsldered  to  be  the  home  base,  and  all  maintenance, 
refueling,  and  erew  rest  facilities  are  looated  there. 
Aooordingly,  after  an  airoraft  arrives  at  home  base  and  is 
offloaded,  it  is  automatically  routed  through  a  maintenance 
subroutine  (MXKAIN)  whioh  eheoks  for  maintenance  problems  as 
previously  outlined.  The  home-base  departure  net  inoludes  a 
orew-ohange  section.  Crews  are  assumed  to  be  able  to  orew-rest 
only  at  home  base,  and  airoraft  ean  only  reoeive  new  orows  at  home 
base.  If  an  airoraft  has  a  orew  on  board,  and  if  the  orew  has 
sufficient  time  left  to  complete  the  mission,  it  stays  with  the 
airoraft;  if  not,  the  orew  must  be  returned  to  orew  rest  and  a  new 
erew  ploked  up.  If  no  orows  are  available,  the  aircraft  is  not 
soheduled.  (Crews  may  be  returned  to  erew  rest  direotly  from  the 
soheduler  under  seme  conditions  at  home  base,  thus  leaving 
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Aircraft  in  an  uncriwtd  condition.)  No  loading  oan  ba  aooompl iahad 
until  a  craw  is  available  (this  is  an  assumption  primarily  for 
modal  simplification,  although  it  is  usually  tha  oasa  in  praotioe 
—  loading  and  offloading  must  normally  ba  supervised  by  tha 
loadmaster).  Craw  entities  reside  only  in  tha  erew-rest  saotion 
of  tha  network;  on  assignment  to  an  aircraft,  tha  craw  entity  is 
"destroyed"  and  is  represented  on  the  airoraft  entity  by  a  craw 
mark  time  showing  the  start  of  the  crew  duty  day. 

Mission  Entry 

Missions  are  entered  into  one  of  the  five  base  mission  files 
either  by  the  STACK  subroutine,  whioh  reads  an  external  data  input 
file  of  up  to  300  separate  missions,  or  by  the  REP  subroutine, 
whioh  oan  be  structured  at  the  user's  disoration  and  is  most 
useful  for  repetitive  or  stoohastio  mission  flows.  (See  listings 
of  subroutines  MSTACK  and  REP  in  Appendix  B  for  details  on  setup 
and  restructuring  of  mission  input  routines.)  Each  mission  has  a 
ready  time  (the  earliest  time  at  which  it  oan  be  soheduled),  an 
airoraft  type  required,  a  mission  number,  a  risk  level,  and  a 
priority;  eaeh  mission  also  has  an  itinerary  consisting  of  an 
originating  base  and  up  to  four  subsequent  destinations,  with 
onloads  and  offloads  for  each.  Enroute  to  the  mission  files,  the 
newly  entered  missions  (or  re-entered,  for  aborts)  are  processed 
by  subroutine  MSNTIM,  whioh  eomputes  estimated  time  from  departure 
to  eaoh  destination,  as  well  as  an  estimated  time  required  to 
return  home  if  the  mission  does  not  terminate  at  home.  Onoe  in 
the  mission  files,  the  missions  are  ordered  by  priority  (lowest 
value  first).  When  soheduled,  the  data  in  a  mission  entity  is 


"pig gybaoked"  onto  the  airoraft  entity  and  the  mission  entity  is 
then  destroyed. 


Schadul lna 

The  aohadular  (Figure  7)  ia  tha  "brain#"  of  tha  system.  It 
ia  triggarad  by  tha  arrival  of  an  aircraft  froa  tha  continuation 
ohack  at  any  baaa.  Tha  cohadular  than  aaaainaa  tha  aiaaion  fila 
for  tha  ourrant  aircraft  location;  if  no  miaaiona  ara  found  utiioh 
ara  suitable,  tha  scheduler  look#  at  othar  aiaaion  filaa  in  a 
praaat  sequence  (different  for  aaoh  baaa,  but  baaioally  in  order 
of  proaimity  to  tha  ourrant  looation).  If  there  ara  no  auitabia 
miaaiona  at  tha  ourrant  looation,  tha  aohadular  oreatea  a 
"poattion"  lag  in  order  to  poaition  tha  aircraft  at  tha 
prospective  origination  baaa.  If  tha  poaition  baaa  ia  above 
weather  minimum*  for  an  approach,  the  aohadular  notaa  tha  riak 
level  required  to  fly  to  that  baaa;  no  miaaiona  at  that  baa*  will 
ba  aohadulad  unless  they  allow  at  least  tha  risk  level  required  to 
gat  to  the  baa*.  The  time  required  to  gat  to  the  position  baa*  is 
added  to  tha  total  estimated  mission  tin*  for  fuel  and  orowday 
limitation  ohaoks. 

Within  aaoh  baaa  mission  fila,  tha  aohadular  looks  for 
missions  on  a  basis  of  priority,  and  within  priorities  on  a  basis 
of  earliest  ready  time  first.  Tha  scheduler  ohaoks  for  airoraft 
compatibility  with  mission  requirements  (FMC  vs  PMC  airoraft),  MHE 
availability,  risk  laval,  arrival  time  slot  availability,  orowday 
remaining,  and  fuel  remaining.  If  a  valid  mission  is  found, 
subroutine  SCHSST  is  eallad  to  complete  tha  aotual  "loading".  If 
no  mission  oan  be  found  at  any  base,  and  if  the  airoraft  is  not 
already  at  home  base,  tha  airoraft  is  routed  home  via  a  "deadhead" 
lag  with  no  load.  If  already  at  homa,  tha  aircraft  is  put  into  a 
ona-hour  scheduling  hold  loop  and  is  run  through  the  sohaduting 
process  once  aaoh  hour  until  a  mission  is  found.  (Tha  listings  in 
Appendia  B  of  subroutines  SCHED,  VXCHK,  ETACHK,  and  DEOKED  provide 
more  information  on  the  scheduling  prooess.) 
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MISSION  ENTNY  Yme\  BASE  MSN  FILES 


I L  INPUTS 


Crews  ir*  a  special  consideration  (or  the  aohadular  at  hone 
baa*.  Bastoaily,  if  a  (rash  oraw  ia  needed  to  begin  a  now  mission 
but  no  rastad  orawa  ara  available,  tha  aohaduling  prooasa  will  ba 
tarainatad  and  tha  airoraft  raturnad  to  tha  ona-hour  hold  loop. 
For  airoraft  arriving  at  tha  aohadular  with  no  orawa  (oraw  aark 
tlma  in  ATRIBOO)  aat  to  laro),  if  no  orawa  ara  availabla  tha 
aohaduling  prooaaa  ia  bypassed  and  tha  aircraft  aant  direetly  to 
tha  hold  loop.  If  an  airoraft  with  a  oraw  on  board  arrlvaa  at  tha 
aohadular,  tha  antlra  aohaduling  proeaaa  la  axaoutad.  If  a 
aiasion  ia  found  and  tha  on-board  oraw  haa  auffioiant  time  to 
oomplete  it,  tha  airoraft  ia  aant  directly  to  tha  dapartura 
subnetwork  If  not,  and  a  oraw  ia  available,  tha  airoraft  ia 
detoured  to  tha  oraw  ohanga  aaotion,  where  tha  old  oraw  will  enter 
oraw  raat  and  a  naw  oraw  will  ba  picked  up.  If  a  oraw  la  naadad 
but  none  ia  availabla,  tha  onboard  oraw  will  ba  aant  dlreotly  to 
oraw  raat,  tha  mission  raturnad  to  the  mission  file,  and  tha 
airoraft  aant  to  tha  hold  loop  without  a  oraw.  Tha  nodal  doaa  not 
allow  orawa  to  awiteh  airoraft.  Although  this  ia  occaa tonally 
dona  in  praotioa,  it  ia  not  eonaldarad  a  factor  since  there  ara 
usually  no  airoraft  readily  available  and  sinoa  auoh  a  awitoh  is 
only  profitable  if  done  fairly  early  in  tha  oraw  day.  (In  any 
ease,  allowing  orawa  to  awiteh  airplanes  would  greatly  oonplieate 
tha  aohaduling  and  oraw  assignment  prooaaa.) 

In  general,  tha  aohadular  will  aohadula  a  mission  for  an 
airoraft  unless  tha  mission  ia  specifically  rebooted  during  one  of 
tha  aeraaning  ehaeks.  The  aohaduling  prooaaa  assumes  that  all 
ersws  ara  equally  capable  and  that  all  fully  oapabla  aircraft  oan 
accomplish  any  taotloal  mission  (low-level  flight,  max-effort 
landings,  airdrops,  eta.-),  as  wall  as  any  non-taotieal  mission. 


Tha  priority  and  aar 1 iaat-raady-t ina  systam  of  assignmants  la  tha 
sama  aa  la  uaad  in  praotioa,  and  tha  risk-laval  faatura  ia  an 
attampt  to  nodal  a  proeaaa  which  ia  informal  but  whioh  ooours  in 
avary  aohaduling  aituation.  Tha  aohadular  alao  aaauaaa  that  any 
niaaion  da  lay  (dua  to  dalayad  tiaa  alota  at  forward  baaaa,  ato.) 
will  ba  takan  bafora  tha  niaaion  daparts,  ainea  dalays  at 
1 ini tad-oapaoi ty  anrouta  baaaa  ara  usually  discouragad,  aapacial ly 
in  high-flow  aituationa.  Missions  ara  ohaokad  "in  toto"  —  if  any 
portion  of  a  niaaion  la  not  sehadulabla,  tha  antira  niaaion  la 
rajaotad.  Tha  aohadular  doaa  not  attampt  to  optinisa  nisaiona; 
rathar,  it  aaquantially  asaninas  aaoh  niaaion  in  ordar  of  priority 
and  raady  tima  and  than  parforns  a  faaaibility  ohaok  on  aaoh 
niaaion,  aohaduling  tha  firat  niaaion  which  naats  all  eritarla. 
It  ia  aaaunad  that  tha  uaar  will  antar  a  pradatarninad  aaquanoa  of 
miasions,  which  tha  aohadular  will  than  aaalgn  for  asaoution  in 
aooordanoa  with  its  intarnal  rulaa;  onoa  antarad,  nisaiona  oannot 
ba  adjustad  or  nodifiad  —  this  aaaunption  la  abaolutaly  naoassary 
to  pravant  tha  nodal  from  assuming  laral  of  oonplaaity  far  abova 
that  raquirad  for  its  intandad  purpoaa.  (Tha  uaar  would  ba  wall 
advisad  to  kaap  nisaiona  aa  sinpla  as  poaaibla,  auoh  aa  ona  load 
fron  ona  baaa  to  anethar,  rathar  than  build  oomplas  multi-lag 
missions  whioh  night  navar  maat  aohaduling  raquiraawnta  for  all 
lags. ) 

Soaoial  faaturaa 

Tha  nodal  inoludas  savaral  spaoial  faaturaa  doaignad  to 
anhanea  its  raalian  and  aaaa  of  manipulation.  Thraa  of  thaaa  <VX, 
THRT,  and  ESCORT)  wara  ineludad  primarily  to  damonstrato  thalr 
faaaibility  and  to  proulda  a  point  of  dapartura  for  fur  that  nodal 
dosalopmant ;  thaaa  subrout lnas  our rant ly  usa  dafault  parana tars 
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for  soma  of  tholr  funotions  and  can  ba  significantly  expanded  if 


dasirad.  Howavar,  tha  modal  as  it  asists  is  essentially  eoaplete 
and  is  oapabla  of  performing  its  intandad  function  as  a  tool  for 
analysis  of  tha  wartiaa  Alaskan  airlift  systam. 

Ini tial iiation.  INTLC  subroutina  is  usad  to  initially  antar 
alroraft  and  airoraws,  to  sat  rasouroa  levels,  and  to  maka 
trlggaring  calls  to  various  subroutines  rasponsibla  for  kaaping 
"real"  time,  sotting  weather  and  throat,  and  varying  oortaln 
rosoureos.  Sinoa  subroutina  INTLC  is  eallad  aftar  all  INTLC 
statements  (which  sot  global  variable  levels)  have  bean  read  for  a 
particular  run,  tha  subroutina  can  reflect  ohangas  eallad  for  by 
tha  newly  set  global  variables  when  it  initialises  tha  model.  Tha 
initialisation  seguenoe  is  shown  in  Figure  8. 

The  Master  Cloak.  Subroutine  CLOCK  tracks  simulation  time  in 
•O-minute  increments.  It  updates  “real'*  time  in  the  system  based 
on  a  24-hour  day  and  returns  the  eurrant  hour  in  XX (2B)  and  the 
current  day  number  in  XX(30>.  The  user  oan  enter  a  ‘'real** 
simulation  starting  hour  if  desired.  If  tha  appropriate  options 
are  enabled,  the  olook  oalls  for  a  weather  update  every  sis  hours 
and  for  a  threat  update  every  midnight  (see  Weather  and  Threat, 
below).  Additionally,  CLOCK  determines  day  and  night  based  on 
season  (with  deoreasing  hours  of  daylight  for  swear,  fall/spring, 
and  winter).  Although  no  modal  features  currently  use  the 
day-night  output,  a  switoh  is  provided  (XX(32>>  to  enable  or 
disable  it.  The  CLOCK  feature  is  primarily  used  to  Insure  that 
faotors  whioh  depend  upon  time  of  day  or  upon  number  of  days  since 
the  beginning  of  the  simulation  oan  be  aoourately  ref  looted  in  the 
model . 

Threat .  The  model  offers  three  options  for  controlling  the 
threat  input:  none  in  tha  theater  (or  preset  and  unohanging), 
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threat  in  every  cone,  end  varying  on  a  day-to-day  baste  (as 
determined  by  subroutine  THRT) ;  these  options  are  controlled  by 
U(37).  The  model  does  not  attempt  to  detail  individual  enemy 
ene ounters,  but  instead  assumes  set  probabilities  ot  interoept 
(and  thus  kill)  (or  eaoh  passage  through  an  affaoted  sons  (or 
appropriate  risk  combinations.  The  user  ean,  however,  set  the 
probabilities  o (  kill  (or  low,  medium,  and  high  risk  conditions 
(XX( 11-13) > . 

Ksoort .  Esoort  oan  be  user-speoi ( led  in  mnoh  the  same  way  as 
threat.  However,  esoort  is  assumed  to  be  available  on  an 
hour-by-hour  basis  whioh  repeats  every  14  hours.  Thus,  subroutine 
FTRCHK  is  oalled  whenever  esoort  availability  needs  to  be  oheoked. 
Using  the  “real"  hour,  FTRCHX  oonsults  a  user-oonstruoted  data 
matrix  whioh  refleots  esoort  availability  in  every  cone  based  on 
time  ot  day.  The  presenoe  ot  (riendly  (ighters  in  any  cone  is 
considered  to  oonstitute  esoort,  and  the  model  does  not  attempt  to 
(urther  break  out  numbers,  on-station  times,  or  actual  looations. 
(In  Alaska,  the  mere  presenoe  o(  (riendly  (ighters  within  a  radius 
o (  up  to  SO  or  more  miles  teas  (ound  to  divert  the  attention  o( 
enemy  (ighters  suttioiently  to  allow  airllit  airoratt  low-level 
taoties  to  be  e((eotlve  (Rat  15). > 

HHE  Cl ooks  and  Combat  Ottload.  Since  MHE  may  not  always  be 
in  commission,  the  model  inoorporates  tarn  dlsorete-event 
subroutines  (FK3  and  FK4)  whioh  vary  the  level  ot  (orklitt 
resouroes  at  Rase  3  (the  (o rward  tighter  alert  and  staging  base) 
and  Base  4  (the  bare-base  (orward  airhead).  Eaoh  (orklitt  is 
assumed  to  be  operational  (or  an  average  ot  IB  hours  and  then  down 
(or  repairs  (or  a  period  averaging  (our  hours.  It  all  (orklitts 
at  a  given  base  beoome  inoperative,  combat  ottload  is  authorised 
at  that  base.  (See  listings  ot  subroutines  FK3/4,  CMI'13/4,  and 


CMBT3A/4A,  and  CMBTX  (or  details  on  the  combat  offload  ohain  of 


events.)  Thoso  "MHE  docks"  must  bo  specifically  anablod  by 
sotting  global  variable  XX<35>  to  1. 

Voathor .  Tho  modal  allows  tho  user  throo  dlfforont  modes  for 
setting  weather  In  the  ten  geographlo  cones  —  Individually  preset 
and  unvarying,  defaulted  to  "all  clear",  and  varying  every  sis 
hours.  These  options  are  determined  by  setting  XX 04)  to  the 
appropriate  value;  individual  cone  weather  conditions  may  be  set 
in  XX(41)  through  XX<30).  If  the  "vary"  option  is  seleoted, 
subroutine  CLOCK  will  eall  subroutine  WX  at  0300,  0000,  1300,  and 
2100  every  day.  Weather  in  each  cone  is  varied  by  a  Markov  ohain 
using  empirical  probabilities  ref  looting  seasonal  differences. 
Season,  time  of  day,  and  esisting  weather  are  considered  in  a 
speoial  fog-generating  seotion.  See  the  listing  for  VX  for  more 
oomments.  (Currently,  the  same  Markov  ohain  is  used  for  all 
sones;  it  represents  average  data  for  the  Cook  Inlet  area  and  was 
used  primarily  to  oheok  the  performance  of  this  partioular  feature 
of  the  model.  If  analysis  using  the  vary ing-weather  feature  is 
desired,  the  user  would  need  to  restructure  the  WX  subroutine  to 
ineorporate  the  remaining  nine  Markov  ohalns,  whioh  oan  be 
eonstruoted  with  data  obtainable  from  the  USAF  Weather  Service.) 

FORTRAN  Print  Routines.  Subroutine  KTRACE  and  various 
FORTRAN  print  routines  and  statements  oan  provide  a  oomplete  trace 
of  model  operation  if  "switched  on";  this  trace  is  independent  of 
SLAM  output  and  trace  routines.  XXC97)  oontrols  the  trace  routine 
built  into  the  seheduler  and  oan  be  set  at  various  levels  (2 
through  •)  to  provide  progressively  more  detailed  tracing  of 
scheduling  functions.  XX(t8>  oontrols  MTRACE  and  other  embedded 
print  statements  which  serve  to  trace  aircraft  and  mission 
entities  through  the  network.  XX(M)  set  to  1  will  provide  a 


complete  record  of  alroraft  movements,  end  sot  at  SO  will 
additionally  provide  a  ooapact  attribute  dump  at  several  key 
locations.  XX(99)  controls  ai soel laneous  print  stateaents  not 
directly  related  to  the  other  traoe  categories;  it  aay  be  set  at 
levels  1  through  3  for  progressively  sore  detailed  traolng.  All 
trace  oategories  aay  be  turned  oft  by  setting  print  switohes  to 
sero.  These  print  routines  were  priaarily  built  for  debugging  and 
verlfioatlon  purposes,  but  are  also  useful  in  providing  a  general 
pioture  of  systea  flow  trends  under  varying  eonditions. 

Output  Measures.  In  order  to  provide  a  basis  for 
troubleshooting  and  verification  and  validation,  as  well  as  to 
provide  overall  aeasures  of  system  perforaanoe,  the  model  eolleots 
a  number  of  statistics.  Among  these  are  average  crew  day  length, 
flying  time  and  fuel  used  while  away  from  hone  base,  ground  tines 
at  all  bases,  alroraft  utilisation  rate  (flying  hours  per  day), 
total  number  of  sorties  flown,  number  of  missions  entered  and 
oompleted,  and  number  of  alroraft  lost.  Additionally,  the  model 
refleots  queue  and  resource  utilisation  statistios.  Sinoe  a 
primary  measure  of  airlift  mission  perforaanoe  in  Alaska  is 
completion  t ime  for  a  particular  stream  of  missions,  the  model 
oounts  missions  entered  and  alssions  ooapleted  and  reports  the 
"olosure  time"  of  the  stream  when  the  last  mission  is  ooapleted. 
For  figuring  olosure  tine,  the  model  eurcmntlf  traoks  entry  and 
completion  of  all  missions  with  mission  numbers  between  10000  and 
39999;  mission  numbers  of  90000  or  greater  are  used  for 
"inoidental"  missions  sueh  as  aborts  and  deadhead  sorties.  The 
model  will  begin  a  shutdown  process  when  the  last  mission  is 
oompleted;  final  alroraft  utilisation  and  erewday  statistios  are 
oolleoted  as  alroraft  arrive  at  home  base  for  the  last  time.  For 
details  of  the  mission  oompletlon  and  shutdown  mechanism,  see  the 
listing  in  Appendls  ■  for  subroutine  HTRACE. 
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This  ohapter  hti  disousssd  ths  struoturs  and  operation  of  tho 
model  end  hes  osealnod  tho  important  mission  entry  end  scheduling 
funottons.  Speoiel  features  which  help  to  give  the  model  its 
flexibility  were  also  outlined.  The  next  ohepter  will  disouss  the 
serif ioetion  end  validation  proeess  which  was  employed  during 
model  oonstruetion. 
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V.  VitHletUon  and  VtMfaUon 


Qvtttiw 

The  previous  ohapters  have  dieoueeed  the  proeess  of 
conceptualisation  and  construction  of  the  model.  This  ohapter 
will  outline  the  prooess  used  to  cheek  that  the  nodal  was 
performing  as  eonetruoted  and  that  it  aoourately  reflected  the 
system  under  consideration. 

Verlf ioation  vs  Validation 

Ver if i oat  ion.  In  a  strict  sense,  verification  oan  be  defined 
as  insuring  that  the  model  is  performing  as  designed  and 
validation  that  it  aoourately  refleots  the  system  in  question.  In 
reality,  the  two  prooessee  are  lntermised.  While  verification 
(whioh  inoludes  "debugging")  usually  lends  Itself  to  relatively 
oonolse,  objective  treatment  (suoh  as  cheeking  percentages  and 
tracing  model  operation),  validation  is  more  subjective  and 
essentially  consists  of  eomparing  model  performance  to 
"real>worId"  data  or  esperienoe.  One  aspect  of  the  testing 
prooess  for  this  model  should  be  noted:  it  was  assumed  that 
intrinisio  SLAM  functions  (suoh  as  network  switching,  random 
variate  generation,  and  various  utility  routines)  performed  as 
specif  led.  However,  performance  of  the  various  FORTRAN  routines, 
subnetworks,  and  network  seotions  suoh  as  the  orew-ehenge  aotivity 
were  oarefully  examined.  Thus,  no  attempt  was  made  to  directly 
verify  the  performance  of  the  language  itself. 

Validation  Considerations.  In  some  oases,  the  system  being 
simulated  has  not  operated  under  the  conditions  modeled  or  perhaps 
does  not  yet  exist.  In  such  instanoes,  validation  might  well 
oonsist  primarily  of  insuring  that  model  performance  is 
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“credible".  For  the  Alaskan  system,  this  oim  is  applicable, 
•inoa  tha  system  has  navar  been  (ally  eseroised  undar  wartime 
conditions.  In  a  larger  iam« ,  validation  ineludas  insuring  that 
tha  piaoaa  whioh  {ora  tha  model,  aa  wall  as  tha  way  in  whioh  thasa 
piaoas  ara  assaablad,  ara  sufficiently  raallstlo  to  proaota 
oonfldanca  in  tha  final  produot.  This  proeass  bagins  at  tha  vary 
aarliast  stagas  of  conceptual isat ion  and  oontinuaa  through 
salaetion  of  modal  struotura  and  mathods  for  traating  various 
modal  oomponants.  Indaad,  this  prooass  is  almost  an  unconscious 
ona  and  is  an  intagral  part  of  daoisions  and  assumptions  affaoting 
modal  davalopmant.  This  aspaot  of  validation  has  largaly  baan 
eovarad  in  pravious  sections;  aooordingly,  this  chaptar  will 
primarily  outlina  tha  "consoious" ,  praplannad  aspaot  of  validation 
for  this  modal . 


Construction  Stagas 

Vari float  ion  and  validation  wara  mada  aaslar  by  building  tha 
modal  in  stagas,  with  aaoh  stage  raprasanting  a  reasonably  wall 
known  aspaot  of  present  system  operation.  Caoh  stags  oould  be 
verified  and  validated  before  continuing  modal  eonstruotion.  Once 
tha  final  modal  was  asses&lad,  tha  various  eosg>onents  again  needed 
to  be  ohaokad  in  tha  overall  oontast .  At  all  stagas,  tha  modal 
output  was  oompared  to  tha  results  of  salaotad  esereises  to  insure 
that  modal  results  wara  raaosnabla.  Thus,  verification  and 
validation  wars  simultaneous  prooassas  during  modal  eonstruotion. 

Forward  Airhead  Modal.  Tha  first  stage  of  davalopmant  was  a 
small-soale  O-CERT  simulation  of  tha  bara-basa  forward  airhead, 
based  on  tha  Cranlta  Mountain  airhead  operated  for  ARCTIC  CIRCLE 
80.  This  modal  was  tasted  with  various  combinations  of  input  flow 
rates,  oargo  mixes,  traffie  rastrlot ions,  and  MKS  eonf iguratlons. 


It  showed  that  ths  maximum  usable  flow  rate  was  about  three 
arrivals  per  hour  and  that  traffic  restrictions  (a  one-way  runway 
and  severe  MOG  limitations)  were  major  limiting  factors.  This 
data  aoourately  reflected  actual  operational  eaperlenoe  during  the 
exercise,  and  so  the  forward  airhead  “sub-model"  was  accepted  as 
satisfactory.  (This  model  was  subsequently  translated  to  SLAM.) 

Initial  Main  Base  Model.  Nest,  a  SLAM  main-base  model  was 
constructed  which  incorporated  all  major  features  eaoept  the 
continuation  check  and  the  scheduler.  The  offload,  maintenance, 
and  onload  funotions  were  then  tested  against  a  various  streams  of 
missions  to  determine  average  ground  times  and  maintenance 
downtime.  These  figures  were  reasonable  and  were  of  the  same 
magnitude  as  home-base  figures  esperienoed  during  high-flow 
eseroises  at  Elmendorf. 

Closed-Loop  Test.  After  a  model  for  a  forward-area  fighter 
alert  and  staging  base  was  developed  and  oheoked  against 
“real-world"  esperienoe  at  Galena  and  King  Salmon,  a  two-base 
model  consisting  of  the  main  base  and  the  staging  base  was  built. 
This  model  oiroulated  aireraft  in  a  closed  loop  and  inoluded  a 
rudimentary  soheduler  which  operated  under  the  flow  rate 
limitations  of  the  staging  base  in  order  to  oheok  the  Important 
f lone-regulation  concept.  Additionally,  the  crew  change  faoility 
was  inoluded  at  the  main  base  and  erewday  limitations  were 
imposed . 

Mission  times  with  various  load  types  were  oheoked  and  found 
to  be  quite  olose  to  those  aotually  experienced  by  the  author:  for 
instanee,  the  model  showed  that  one  orew  could  make  about  three 
round  trips  in  a  single  orew  day,  which  was  a  ooamonly  aoeepted 
figure  used  by  eseroise  planners  at  Elmendorf,  and  whioh 
represented  a  combination  of  all  faetors  involved  in  the  shuttle. 
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Likewise,  oloiur*  t imes  for  various  mission  streams  rsflaotod 


aotual  experience:  a  20-mission  movs  to  a  bass  similar  to  Calsna 
could  bs  olossd  in  It  to  20  hours  using  sis  airplanss  and  tan 
crows  undor  avarags  conditions,  with  ona  or  two  airoraft 
eventually  dropping  out  of  tha  flow  for  astandad  maintenance; 
modal  rasults  wars  vary  similar.  Of  equal  importance  was  that  tha 
flow-ragulation  maohanism  worked  as  designed  and  oould  be  relied 
upon  to  duplieata  tha  actual  oommand-post  controller's  function  of 
preventing  "waves"  of  airoraft  from  overwhelming  forward  base 
faoilitias.  Since  the  "real-world"  data  was  far  from  esaot  and 
represented  little  more  than  planning  factors  based  on  eaperienoe, 
rigorous  statistical  verification  was  useless;  this  is  an  eaample 
of  the  "reasonableness"  approaoh  to  verification  and  validation 
whioh  was  used  extensively  for  this  model . 

.Toting 

In  a  multibase  theater  airlift  model,  testing  of  the 
assembled  model  oan  be  complicated  beoause  of  the  many  possible 
situations  whioh  oan  arise  during  the  course  of  model  operation. 
Testing  of  the  Alaskan  modal  was  accomplished  primarily  by  running 
the  amdel  with  known  mission  inputs  designed  to  eserolse  eaoh 
component  of  the  model.  With  the  various  prlnt/trace  features 
enabled,  these  mission  streams  were  thoroughly  traoed  through  the 
system.  With  the  use  of  the  CYBER  EDITOR  feature,  output  from  a 
run  oould  be  examined  very  quickly:  for  lnstanoe,  all  ooourrenoes 
in  the  output  referencing  a  particular  mission  number  oould  be 
displayed,  resulting  in  a  ooneise  ehronologioal  traoe  of  that 
mission  through  the  system  from  initial  entry  to  oompletlon. 
Similarly,  all  entries  for  a  particular  airoraft  number  oould  be 
displayed,  allowing  individual  airoraft  to  be  easily  followed. 


as 


Tills  procedure  allowed  very  rapid  debugging,  verification,  and 
validation  of  tho  nodal 's  porformanoo  under  many  different 
operating  reglaes. 

Soheduler  Testing.  Sines  the  seheduler  is  by  far  the  nest 
eonplea  aspeot  of  the  nodal,  it  was  provided  with  its  own 
separately  controlled  internal  traoing  system.  Vith  XX<97)  set  to 
9  (the  deepest  level  of  examinat ion) ,  every  faoet  of  the 
scheduler's  operation  oould  be  observed,  to  the  extent  that  one 
sohaduling  event  oould  consume  more  than  100  lines  of  output.  For 
instance,  flow  regulation  to  forward  airfields  with  limited 
eapaoity  was  oruoial  to  the  proper  operation  of  the  model.  To 
test  it  in  the  assembled  model,  the  REF  subroutine  was  used  to 
provide  a  stream  of  missions  to  Base  4  (the  bare-base  forward 
airhead).  Vith  the  seheduler  trace  set  to  level  8,  every  oheok  of 
the  file  of  already  scheduled  estimated  times  of  arrival  (ETAs) 
was  printed,  and  the  scheduler's  aotlons  oould  be  preelsely 
oheeked.  As  eaoh  feature  of  the  soheduler  was  verified  to  be 
operating  properly,  the  depth  of  examination  was  deoreased  by 
setting  progressively  lower  levels  for  XZ(97>.  When  satisfied 
that  the  soheduler  was  funotloning  properly  under  a  wide  range  of 
possible  oondltions,  the  scheduling  traee  was  switched  off  for  the 
remainder  of  the  testing  process.  (For  olarity  of  doouswntatlon, 
all  but  the  key  seheduler  traee  elements  have  been  edited  out  of 
the  3CHED  listing  in  Appendix  B. ) 

Aborts .  Speoial  treatment  was  also  given  to  the  abort 
feature  of  the  model.  Although  aborts  (both  ground  and  enroute) 
have  a  oonsiderable  effeot  on  system  performance,  they  are  one  of 
the  most  difficult  aspeots  to  treat  real 1st  leal ly  because  of  the 
many  combinations  of  location,  load  type,  and  stage  of  mission 
completion  whioh  must  be  aooounted  for.  Sinee  inoluslon  of  aborts 
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wti  on*  of  th*  several  f**tur**  of  th*  Alaskan  nodal  which 
dl f f*r*ntiat*d  it  from  previous  th*at*r  nodal*,  th*  author 
oonaidarad  it  important  to  incur*  prop*r  functioning  of  th*  system 
in  this  r*sp*ot .  Th*  testing  proe«ss  for  aborts  was  twofold  and 
oonsistad  of  ascertaining  that  aborts  war*  b*ing  trigg*r*d  at  th* 
propar  tin**  and  in  th*  proper  proportions,  and  of  insuring  that 
th*  aborts  w*r*  proparly  handled  and  routed  one*  g*n*rat*d. 

To  t*st  th*  fornar,  th*  abort  ratas  previously  discussed  war* 
temporarily  quadrupled  (to  a  nasinua  20%  overall)  to  fore*  th* 
nodal  to  generate  many  aborts.  Several  varied  nission  streams 
war*  th*n  introduced  which  *«*rois*d  all  of  th*  model  f*atur*s 
connected  with  th*  abort  prooass.  Th*  numbers  of  aborts  being 
generated  by  th*  various  trigger  a* chan isms  (shutdown,  start,  and 
enroute)  war*  th*n  compared  with  total  sorties  flown  to  give 
p*ro«ntag«s,  which  war*  then  oh*ok*d  against  th*  desired  abort 
rates.  Th*  rates  ware  found  to  be  within  plus  or  minus  on* 
percent  of  desired  for  the  three  oenponents,  thus  indicating  that 
the  abort  triggering  meohanisms  wore  functioning  as  designed. 

Th*  subsequent  handling  of  aborted  airoraft  and  missions  was 
somewhat  more  oomplioated  to  cheok  and  required  muoh  traoing  of 
Individual  missions  to  Insure  that  loads  were  properly 
restructured  and  offloaded  and  that  aborted  aircraft  were 
oorreetly  routed  and  given  required  maintenance  on  return  to  home 
base.  In  this  manner,  a  few  abort  situations  were  identified 
which  had  not  been  originally  included;  th*  network  and  FORTRAN 
eod*  wore  adjusted  to  refleot  these  new  conditions.  It  should  be 
noted  that  muoh  of  th*  FORTRAN  eod*  in  th*  abort-oonneoted 
subroutines  (CONTIN,  RESTRT,  ENKTE,  AFFRCH,  OfBTX,  RESCUE,  and 
RESCK)  is  given  over  to  Identification  and  handling  of  the  various 
abort  situations.  This  eode  was  intentionally  mad*  as  transparent 
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as  possible  end  mi  very  heavily  dooumentsd  to  insure  that  tho 


abort  proooss  —  a  major  f oaturo  of  tho  modal  —  can  bo  roadily 
followed. 

Slanlfioant  Problems 

As  might  bo  ospootod.  soma  problems  wore  unearthed  during 
this  extensive  tasting  program.  In  particular,  some  faoets  of 
model  operation  disolosed  unant ioipated  effeots.  Three  of  these 
—  what  the  author  will  refer  to  as  the  Hblook-sohedul lng" 
problem,  the  preloading"  problem,  and  the  "degraded-alreraf t“ 
problem  —  merit  diseussion. 

The  "Blook-Sohedul lng"  Problem.  The  bloek-sohedul lng  problem 
was  discovered  when  many  missions  with  similar  priorities  and 
ready  times  were  entered  at  Base  1  and  Base  2.  Sinoe  both  bases 
are  originating  points  for  battalion  moves  (two  battalions  at  Fort 
Blohardson  and  one  at  Fort  Vainwright),  and  sinoe  most  of  these 
missions  tend  to  beooms  available  for  movement  nearly 
simultaneously,  there  is  a  need  to  insure  that  some  airplanes  are 
allooated  to  eaoh  group  of  missions.  Test  runs  quiekly  disolosed 
that  sinoe  all  airoraft  ultimately  returned  to  Elmendorf,  the 
soheduler  would  try  to  eshaust  all  missions  at  Elmendorf  before  it 
would  begin  to  schedule  airoraft  against  the  loads  waiting  at 
Fairbanks. 

To  fores  the  soheduler  to  allooate  airoraft  in  a  more 
reallstio  fashion,  two  solutions  were  implemented.  First,  the 
soheduler  was  made  to  oheok  missions  waiting  at  both  bases  and  to 
begin  the  scheduling  prooess  at  the  base  with  the  highest  priority 
mission.  It  priorities  were  equal,  the  soheduler  would  use  the 
oldest  ready  time  as  a  tie-breaker.  Addditional ly,  the  mission 
input  was  differentiated  to  promote  this  equal  allocation  by  using 
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•tightly  different  priorities  and  ready  times  for  btooks  of 
missions.  This  had  tho  addod  banoflt  of  insuring  that  all 
missions  in  a  partioular  block  of  missions  wi th,  say/  priority  2 
and  roady  tims  3720  (which  could  bo  tho  porsonnol  movement  for  an 
infantry  oompany),  would  be  moved  before  a  block  of  missions  with 
priority  2  and  ready  time  372S  (which  oould  be  that  company's 
follow-on  equipment  and  supplies).  Similarly/  the  missions  for 
different  units  could  be  struotured  to  insure  proper  sequencing  of 
moves  from  different  bases.  This  solution,  while  artifioial,  very 
closely  represents  the  deeision  prooess  which  actually  oeours  when 
a  great  number  of  missions  with  "inflated"  priorities  are 
simultaneously  dumped  into  the  system. 

The  "Preloadlno"  Problem.  In  the  course  of  testing  the  model 
with  a  set  number  of  crews  and  a  varying  number  of  airoraft,  it 
was  found  that  closure  times  would  deorease  as  more  airoraft 
beoame  available  (as  espeoted) .  However,  Instead  of  leveling  off 
at  a  minimum  figure  onoe  the  number  of  airoraft  began  to  esoeed 
the  number  of  orews,  olosure  times  began  to  increase.  The  problem 
was  determined  to  be  caused  by  the  scheduler's  assigning  of 
missions  to  "non-orewed"  airoraft,  which  would  then  wait  for  crews 
(sometimes  for  very  long  periods).  Vhlle  these  "pre-loaded" 
airoraft  were  waiting  for  crews,  aircraft  in  the  system  would 
return  to  home  base  with  sufficient  crew  time  remaining  to  pi  ok  up 
a  new  mission.  The  Inbound  orew  and  airoraft  would  often  find  no 
unassigned  missions;  the  orew  would  be  returned  to  crew  rest  and 
the  airoraft  would  be  placed  in  the  hold  loop,  wasting  usable  orew 
day.  In  praotloe,  aircraft  are  not  pre-loaded  in  this  manner  and 
the  problem  does  not  ooeur;  accordingly,  the  scheduler  was 
modified  to  insure  that  airoraft  at  home  base  needing  new  orews  to 
begin  missions  would  not  be  scheduled  unless  a  rested  orew  was 
readily  available. 


The  "Doaradod-Airoraf t"  Problem.  As  disouesed  in  Chapter 
III,  non-taotioal ly  capable  alroraft  normally  are  net  allowed  to 
undertake  taotioal  missions.  In  peacetime,  this  policy  works 
well,  sinoe  there  is  no  need  to  risk  the  problems  whioh  might 
eeeur  if,  say,  an  aircraft  with  an  inoperative  antiskid  braking 
system  were  to  attempt  an  assault  landing  on  a  short  runway.  If 
neoessary,  however,  such  landings  can  usually  be  safely  made 
without  antiskid;  in  some  oases  landings  ean  even  be  made  without 
brakes,  thanks  to  the  eseollent  deoeleration  and  steering  oontrol 
provided  by  the  reversible  propellers.  (This  is  one  of  many 
lnstanoes  in  which  the  C-130's  versatility  oan  allow  emergency 
performance  well  in  escess  of  peacetime  limitations.)  Sinoe  many 
missions  in  the  Alaskan  theater  (including  all  forward-airhead 
missions)  theoretically  require  fully  oapable  alroraft,  the  model 
was  discovered  to  be  not  sohe doling  PMC  alroraft  after  all  PMC 
missions  had  been  aocompl ished.  This  resulted  in  olosure  times 
beooming  very  much  longer  than  would  be  anticipated,  sinoe 
aircraft  in  PMC  status  would  not  be  scheduled  and  thus  would  not 
be  recyoled  through  maintenance,  eliminating  any  possibility  for 
them  to  regain  PMC  status.  In  some  cases,  all  alroraft  eventually 
beoame  PMC,  thus  stopping  the  flow. 

Even  in  peaeetiae,  non-taotical  aircraft  are  allowed  to 
undertake  some  taotleal  missions  if  safety  can  be  assured,  and  in 
wartime  it  is  unlikely  that  any  alroraft  would  stand  idle  if  there 
were  even  a  reasonable  chance  that  it  eould  aoooaplish  a  mission. 
Thus,  it  is  safe  to  assume  that  although  the  taotloal  vs 
non-taotical  dlstinetion  would  be  adhered  to  when  praetioal, 
non-taotloal  alroraft  would  eventually  be  scheduled  if  required. 
Thus,  the  model  was  ohanged  to  allow  a  non-taotical  aircraft  a 
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30-50  chine*  to  return  to  maintenanoe  from  tho  icHtdoltr  if  no 
suitable  mission  woro  found.  Combined  with  tho  30%  roto  of  return 
to  nfC  onee  in  maintenance,  this  Allowed  s  PMC  eireraft  an  average 
23%  ohance  to  return  to  fully  eapable  status  eaoh  time  it  eould 
not  be  soheduled.  This  was  oonsidered  to  be  a  reasonable 
representation  of  the  eventual  foroed  use  of  PMC  aireraft  in  a 
wartime  situation,  and  did  in  feet  restore  olosure  times  to 
reasonable  ranges. 

flummery 

Overall,  the  verifloation  and  validation  prooess  was  as 
thorough  as  possible  for  a  model  of  this  type  and  oomplesity.  As 
espeoted,  the  prooess  was  sometimes  oomples  as  the  model  was 
pushed  into  situations  not  originally  envisioned.  Most  important, 
however,  is  that  eaoh  step  forward  was  made  from  a  known  level  of 
performance  which  allowed  a  basis  for  oompsrison  of  results. 
Aeoordingly,  the  author  is  reasonably  eertaln  that  the  final  model 
realistically  refleots  at  least  the  nature  of  the  interactions 
within  the  Alaskan  airlift  system,  if  not  their  esaot  magnitude. 
The  nest  chapter  will  show  how  the  finished  model  was  used  to 
analyse  basic  aspeots  of  system  operation. 
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Previous  ehapters  have  dlsaussed  the  oonstruetion  and  tasting 
ot  tha  model.  This  ehaptar  will  discuss  tha  asa  of  tha  aodal  for 
analysis.  However,  oomplate  analysis  of  any  thaatar  airlift 
system  could  oonstxme  months  or  even  yaars,  and  it  is  not  tha 
purpose  of  this  thasis  to  oonduot  suoh  an  exhaustive  aaani nation. 
Rather,  a  ‘"baseline"  analysis  will  ba  oonductad  for  a 
representative  mission  input  undar  controlled  oonditions  to  gain 
an  initial  insight  into  tha  systam's  parformanoa.  This  will  also 
serve  to  damonstrata  tha  usa  of  tha  modal  for  analysis  and  to 
provide  tha  groundwork  for  further,  mora  extensive  rasaaroh.  Tha 
analysis  will  oonsist  of  two  saparata  parts:  tha  first  will  ba  a 
soraaning  experiment  designed  to  quiokly  analyse  stay  likely 
faotors  for  signlf leant  af foots  on  tha  output;  tha  saoond  will  be 
a  mora  detailed  analysis  of  tha  two  most  important  faotors  thus 
41 seoeared . 

Analytical  Considerations 

Comparative  ts  Prodiotivo  Use.  Tha  Alaskan  airlift  modal, 
like  others  of  its  kind,  is  subjoet  to  oartain  limitations  whan 
used  for  analysis,  first,  tha  model  is  designed  primarily  to 
examine  affaets  and  intaraotlons  of  various  faotors  affeoting  tha 
system,  and  is  not  intended  to  precisely  pradiot  suoh  output 
measures  as  olosura  time.  Although  tha  modal  will  provide  an 
estimate  of  olosura  time  for  a  given  mission  stream,  this  estimate 
may  or  may  not  ba  aoourata  for  pradiotiva  purposes.  Whan  oomparad 
with  olosura  times  generated  undar  different  oonditions,  however, 
this  time  will  ba  useful  for  estimating  relative  affaots.  Xt  must 
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be  itMifcirtd  that  the  assumptions  upon  whloh  ths  modal  is  basad 
refleot  a  projected  wartima  oparational  mo da  in  whioh  tha  system 


has  not  yat 

bean  tested. 

As  aotual 

asaroisas 

beooma  more 

raalistio  and 

a  larger  data  base  is  built. 

tha  modal ' s 

pradiot iva 

ability  eould 

ba  asaminad 

and  possibly 

val idatad . 

For  tha 

present,  however,  tha  model's 

raf laotions 

of  systam 

parformanoa 

should  ba 

used  only  for 

comparative 

purposes. 

and  while 

"r aasonab 1  a" ,  thasa  maasuras  should  ba  carefully  asaminad  before 
tha  modal  is  raliad  upon  for  forecasting. 

Variability  of  Conditions.  Seoond,  systam  parformanoa  oan 
vary  greatly  depending  on  tha  mission  input,  and  oonelusions  drawn 
from  runs  with  a  partioular  input  might  not  ba  applioabla  to  a 
diffarant  situation.  For  instanea,  rasults  of  an  analysis  basad 
on  a  simultanaous  two-battalion  move  may  not  ba  aoourata  whan 
appliad  to  two  singla-battalion  move*  a  week  apart  and  to 
diffarant  looations.  This  is  not  naoassarily  a  drawbaok  to  tha 
modal;  rathar,  it  raflaots  tha  highly  variabla  natura  of  thaatar 
logistios  sys tarns  in  ganaral  and  points  out  tha  tnharant  eara 
whioh  must  ba  asaroisad  in  thalx  analysis. 

jmportanoe  of  Esparlmantal  Past  an.  Lastly,  careful 
asparimantal  dasign  is  mandatory  to  insura  that  this  modal  (or  any 
othar  of  its  type)  will  giva  maaningful  rasults.  It  is  vary 
possibla  to  sat  paramatars  for  systam  oparation  whioh  will  aithar 
stop  tha  flow  altogathar  or  whioh  will  giva  data  whioh  is  usolass 
for  organisad  analysis.  A  high  thraat  situation  in  tha  forward 
airhaad  sona,  for  Instanea,  will  rasuit  in  tha  ultimata  loss  of 
all  aircraft  in  tha  systam  if  all  missions  ara  of  tha  "must-fly" 
risk  eatagory.  This,  in  turn,  damonstratas  nothing  asoopt  that 
airlift  airoraft  suffer  vary  high  attrition  in  high-thraat  araas, 
and  tha  olosura  times  (if  any)  whioh  ara  gainad  from  suoh  an 


exercise  have  virtually  no  comparative  value.  (Loss  of  airoraft 
without  replacement,  as  in  this  model,  results  in  a  combinatorial 
si tuat ion  whi oh  induoes  very  great  variance  in  results.)  While  it 
is  easy  to  drive  the  model  into  extrema  situations  (Just  as  with 
the  real  system),  the  results  of  sueh  aotions  would  not  normally 
be  of  analytloal  value.  Thus,  the  model  is  most  useful  when  used 
for  analysis  of  situations  within  the  realm  of  probability; 
"unreasonable"  situations  will  almost  always  produce 
"unreasonable"  results. 

Outline  of  Analysis.  Based  on  these  premises,  the  model  was 
used  for  an  analysis  of  system  performance  in  a  representative 
situation.  First,  a  mission  input  roughly  typical  of  a 
simultaneous  two-battalion  move  (with  supporting  equipment)  was 
oonstruoted.  Next,  a  number  of  factors  which  oould  be  expected  to 
affeot  this  flow  were  seleoted  and  soreened  (via  a  fraotional 
factorial  soreening  design)  to  determine  which  were  signifioant 
enough  to  warrant  further  examination.  Finally,  the  two  most 
signifioant  faotors  were  examined  in  depth  (using  a  faotorial 
design  and  graphloal  analysis)  and  oonelusions  drawn  about  the 
system's  performance  under  the  given  oonditions. 

atingOLJjaai 

A  typloal  scenario  for  several  oonmand-post  exeroises  in 
whtoh  the  author  participated  involved  the  rapid  c«i teent  of  two 
battalions  and  supporting  artillery,  airmobile,  and  support  assets 
against  an  enemy  incursion  at  a  western  or  southwestern  Alaska 
location.  Accordingly,  the  mission  input  was  oonstruoted  to 


roughly  approximate  this  situation,  which  oould  be  considered 
respresentatlve  of  expeoted  theater  wartime  operation.  First, 
data  file  HBTACX  was  ereated,  containing  the  bulk  of  the  missions 


to  be  input:  MSTACX  is  listsd  (with  explanation  of  missions)  in 
Appsndis  C.  Nsst,  subroutins  REP  was  restructured  to  enter  three 
resupply  missions  eaoh  eight  hours,  representing  day-to-day 
logistios  missions  which  oould  be  expected  to  continue  even  in 
wartime:  the  listing  of  subroutine  REP  in  Appendix  S  refleots  this 
configuration.  During  the  course  of  the  simulation,  missions  were 
entered  at  their  respective  ready  times  either  by  subroutine 
STACK,  which  read  data  file  MSTACK,  or  by  subroutine  REP,  whioh 
created  missions  internally.  Once  all  missions  were  entered  from 
(STACK,  mission  input  from  REP  was  automatically  ended,  thus 
insuring  that  mission  input  for  eaoh  run  was  identical  in  both 
time  and  oox^osition. 

Once  REP  had  been  structured  as  required,  the  entire  model 
FORTRAN  souroe  code  (including  all  subroutines)  was  recompiled 
(using  FORTRAN  V)  and  stored  as  binary  object  file  (IAIN.  For  use 
on  the  CYBER,  files  (STACK  and  HA IN  were  stored  using  the  NOSFILE 
Indireot  File  Library  under  file  library  identification  “DB" . 
These  files  were  then  recalled  by  the  batch  control  deok  for  use 
by  the  SCAM  program  during  exeout ion.  The  control  oard  deok  used 
to  set  up  the  swdel  for  exeoution  is  listed  at  the  beginning  of 
the  SLAM  network  listing  in  Appendix  A.  All  missions  oould  have 
been  included  in  MSTACK  if  desired;  REP  was  used  primarily  to 
demonstrate  the  use  of  this  alternate  input  mode.  Exclusive  use 
of  the  MSTACX  entry  mode  obviates  the  need  to  restructure  and 
recompile  the  FORTRAN  souroe  code  when  changing  the  REP  mission 
input . 

Screening  Experiment 

Design  Considerations.  With  the  mission  input  determined, 
the  screening  experiment  oould  be  constructed.  First,  it  was 
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neoessary  to  determine  which  factors  wsrs  to  bs  ssaainsd.  So; 


factors,  such  as  ths  wsathsr  in  ioms  not  ussd  for  ths  mission 
flow,  would  obviously  not  havo  any  offset  on  system  performance; 
these  factors  could  be  immediately  eliminated  from  consideration. 
Conversely,  some  faotors  would  have  too  great  an  influence  on 
system  operation  and  could  mask  or  skew  the  effect  of  the  faotors 
of  interest;  this  consideration  is  important  in  a  "first-out" 
screening  experiment  where  estreme  situations  are  not  desired.  As 
previously  mentioned,  attrition  can  cause  serious  varianoe 
problems;  accordingly,  the  threat  input  was  defaulted  to  "no 
threat"  to  prevent  attrition  from  affecting  the  analysis.  (Some 
runs  were  subsequently  made  to  examine  attrition;  these  will  be 
discussed  later  in  this  chapter.)  This  "coumon- sense”  elimination 
process  ultimately  left  IS  factors  for  screening. 

Fractional  Factorials.  Since  this  experiment  was  intended 
only  to  identify  significant  effects  for  further  investigation,  a 
two-level  factorial  design  was  considered  appropriate.  Such  a 
design  can  measure  linear  effects  and  will  sat isf aotor i Iy  detect 
quadratic  and  higher-order  effeots,  and  thus  is  well  suited  for 
screening  purposes.  A  full  two-level  factorial  in  13  variables, 
however,  requires  2**15  (or  32789)  runs;  thus,  various  fraotional 
faotorlal  designs  were  considered.  Fractional  factorials  oan 
examine  up  to  (but  not  quite)  one  factor  per  run;  however,  this 
eoonomy  is  purchased  at  the  prioe  of  "ecnf ounding” .  (For  a  full 
treatment  of  experimental  design,  see  Montgomery,  Refs  12  and  13.) 

Confounding .  Essentially,  confounding  (also  oalled 
"aliasing")  is  the  combination  of  several  effeots  into  one  effeot 
which  oan  then  be  readily  analyxed.  If  it  oan  be  assumed  (as  it 
usually  oan)  that  most  of  the  higher-order  interactions  are 
negligible,  then  oonfoundlng  these  effeots  with  the  effects  of 


interest  will  still  yield  meaningful  results.  In  praotloe, 
interactions  of  the  third  order  and  higher  are  oonsidered 
negligible  esoept  in  very  special  oases.  Aliasing  of  first  and 
seoond-order  effects  can  then  be  very  selectively  controlled 
through  the  design  of  the  fractional  faetorial  experiment.  A 
Resolution  111  fractional  factorial  design  aliases  primary  effeots 
with  seoond-order  effeots.  but  oan  handle  up  to  N- 1  faotors  in  N 
runs.  Thus,  if  seoond-order  effeots  eould  be  nsgleoted,  IS 
faotors  oould  be  examined  in  only  18  runs.  If  some  faotors  are 
anticipated  to  have  large  effeots,  however,  second-order 
interactions  may  be  important  and  thus  a  Resolution  IV  design 
might  be  more  desirable.  Suoh  a  design  needs  twice  as  many  runs 
as  a  comparable  Resolution  111  design  (32  runs  for  IS  faotors,  for 
lnstanoe),  but  slnoe  it  only  aliases  primary  effects  with 
third-order  and  higher  effects,  it  oan  provide  "olear”  estimates 
of  the  first-order  effeots  for  all  factors.  Even  though  some 
seoond-order  effects  are  aliased  with  other  seoond-order  effeots, 
oareful  design  oan  insure  that  the  seoond-order  Interactions  of 
very  active  faotors  are  not  aliased  with  each  other.  This 
requires  some  foreknowledge  of  which  faotors  are  most  likely  to  be 
significant,  but  suoh  Information  is  frequently  available. 

Screening  Experimental  Peslon.  For  this  15-faotor 
experiment,  a  Resolution  IV  design  requiring  32  runs  was  ohosen. 
A  major  reason  for  this  was  the  expected  large  effeot  of  three 
faotors:  number  of  airoraft,  number  of  orews,  and  crew  day 
length.  Care  was  taken  to  Insure  that  the  seoond-order 
interactions  involving  these  faotors  (airoraf t-orews, 
aireraf t-orew  day,  and  orews-erew  day)  were  aliased  only  with 
seoond  order  effeots  whloh  were  not  expeoted  to  be  of  great 
importance.  (This  is  most  easily  done  by  plaoing  the  few  most 
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active  factors  in  ths  “primary"  positions  in  tho  design  --  l.o., 
tho  positions  they  would  ooeupy  if  ths  dsslgn  wsrs  to  bs  a  full 
faotorial  without  oonfounding.  ) 

Cars  nust  bs  sssrelssd  in  ths  ohooslng  of  ths  two  levels  for 
saoh  factor  to  insurs  that  all  offsets  will  bs  represented; 
normal ly,  this  moans  sotting  ths  faotors  undsr  oonsldsration  at  or 
near  ths  limits  of  thsir  probabls  rangss.  By  convention,  thsss 
Isvsls  ars  designated  (-)  and  <♦>.  For  lnstanos,  ths  (->  level 
for  airoraft  for  ths  Alaskan  model  was  sat  at  10  and  ths  (♦>  level 
at  40,  rsprassnting  ths  approslmate  lowest  and  highest  number  of 
aircraft  which  could  bs  espeeted  to  bs  available  in  Alaska.  In 
order  to  sstraot  ths  most  value  from  a  fractional  faotorial 
design,  some  knowledge  of  ths  antioipatsd  direction  of  offset  for 
saoh  faotor  is  of  great  value.  For  lnstanos,  an  inorsaso  in  ths 
number  of  airoraft  or  sirorsws  in  ths  Alaskan  model  oould  bs 
sspsotsd  to  have  a  bsnsfiolal  offset  on  ths  output  measure  —  in 
this  oass,  a  shorter  olosurs  time.  Although  ths  allocation  of 
“positive"  and  "negative"  Isvsls  is  strictly  ths  analyst's  ohoieo, 
this  allocation  should  bs  oonsistsnt  if  at  all  possible:  moving 
from  ths  < - )  to  (♦>  level  of  any  faotor  should  result  in  a 
dsersass  in  olosurs  tins,  for  ssampls. 

Ones  ths  faotors  and  their  levels  wsrs  ohossn  and  ths  final 
dsslgn  built  (Table  IV),  ths  SLAM  network  isting  was  modified  to 
oauss  33  runs  to  bs  mads.  (Throughout  ths  analysis,  ths  node!  was 
allowed  to  make  ths  first  run  of  any  multiple-run  batoh  at  default 
parameters  in  order  to  provide  a  benchmark  for  proper  mode! 
operation.)  For  saoh  of  the  3*  design  runs,  the  footer  levels 
were  reset  via  INTLC  statements  to  refleet  the  < - )  or  (♦>  levels 
indioated  in  the  design.  All  33  design  runs  avers  thus 
accomplished  in  one  batoh  Job  by  the  single  network  listing  —  a 
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much  easier  (and  considerably  less  costly)  method  then  making  32 
individual  runs.  The  SLAM  network  listing  in  Appendin  A  refleots 
the  setup  used  to  aooomplish  this  screening  design. 

Screening  Results.  With  the  run  results  from  the  soreening 
experiment  in  hand,  the  searoh  for  significant  factors  oould 
begin.  First,  the  estimated  effects  tor  all  factors  were  computed 
using  the  oontrast  method.  For  eaoh  factor,  the  corresponding 
column  of  <♦)  and  <-)  signs  was  used  as  a  guide  for  totaling  the 
32  ran  results:  a  (♦>  sign  indicated  that  the  partieular  run 
result  was  to  be  added,  a  < - )  sign  indicated  that  it  was  to  be 
subtracted.  This  total  was  then  divided  by  16  (32  runs  divided  by 
2)  to  yield  the  estimated  effect  for  the  footer  in  question. 
Contrasts  ware  also  set  up  for  the  seoond-order  effeots  by 
multiplying  the  two  oonoerned  columns  together  as  if  the  (♦>  and 
(- )  signs  were  *1  and  -1 ,  respectively.  Thus,  the  proper  sign  for 
run  1  for  the  airoraf t-orew  (AC>  oontrast  was  <->*(->•(♦>,  and  so 
on  for  eaoh  run  and  eaoh  desired  interaotion.  The  two-faotor 
effeots  were  then  found  similarly  to  the  main  effeots.  The 
computed  effeots  are  shown  in  Table  V. 

Table  V.  Effeots  of  Faotors  (in  Minutes) 


Factor 

Effect 

Interaotion 

Ef feet 

A 

- 

Aircraft 

-2044 

AS 

- 

Aireraf t /Crews 

-1712 

■ 

- 

Aircrews 

•  1417 

AC 

- 

Atreraft/Crew  day 

♦40 

C 

• 

Crew  day 

-1217 

AD 

- 

Aireraf  t /Season 

♦  144 

D 

- 

Season 

-374 

AE 

• 

Aircraft /Weather 

♦  47 

£ 

- 

Vest her 

-494 

1C 

- 

Crews/Crow  day 

♦  1044 

r 

- 

HOC  J 

♦  21 

ID 

- 

♦  32 

c 

- 

MOCA 

♦  134 

IS 

w 

Crews /Weather 

♦  244 

H 

- 

ATC3 

♦  14 

CD 

• 

Crew  day/Seasen 

♦  2 

1 

- 

ATC4 

♦  224 

CE 

• 

Crew  day/Seasen 

♦  144 

J 

• 

rx3 

-174 

DE 

• 

Seasoa/Weather 

♦  27 

X 

- 

FX4 

-123 

L 

- 

XI 

-144 

H 

- 

14 

-27 

X 

- 

last  App 

3 

-S3 

0 

- 

Inst  App 

4 

-44 

100 


Normal  Probability  Plot.  To  quiokly  and  graphically  indioata 
tho  significant  effsots,  a  normal  probability  plot  was  ussd.  This 
is  baasd  on  tbs  assumption  that  tbs  non-si gnif leant  effects  should 
follow  a  normal  distribution;  whan  proparly  plottad  on  normal 
probability  paper,  thasa  "background  noise”  offset*  will  toad  to 
forma  stoftght  lino,  whilo  significant  offsets  will  fall  far  from 
tho  lino.  To  maka  tha  plot,  the  23  first-  and  saoond-ordar 
offsets  computed  above  wore  rank-ordered  greatest  to  least.  A 
probability  was  then  oomputed  for  aaoh  using  tha  formula 

P«<J-.3>/N 

where  J  •  tha  numerical  rank  of  tha  effect  (1  through  23),  and 
and  N  ■  tha  total  number  of  affaots  to  be  plottad  (23).  The 
magnitude  of  aaoh  affaet  was  than  plottad  against  its  probability. 

As  oan  be  readily  seen  in  Figure  t,  tha  resulting  plot  showed 
that  tha  airoraft,  oraw,  and  crow  day  affaots  ware  unquestionably 
significant,  as  ware  tha  alroraf t-orew  and  orsw-erew  day 
interact  ions .  Thus,  further  anamination  of  these  three  factors 
was  definitely  indioatad.  Tha  season  and  weather  affaots  appeared 
to  be  significant,  but  required  further  anamination.  Aooordlngly, 
a  fiveway  ANOVA  using  tha  32  run  results  was  oonduoted  using  the 
SMS  (Statistical  Package  for  the  Sooial  Soienoes)  ANOVA  routine. 
Since  season  and  weather  were  initially  anticipated  to  have 
signlfloant  effeots,  they  were  placed  in  "primary"  positions  in 
the  screening  design;  this  allowed  the  original  soreening  design 
to  be  "collapsed"  into  a  single  replioate  of  a  two-level, 
five-factor  full  factorial  design  ineorporating  all  five 
potentially  active  factors;  this,  in  turn,  could  be  directly 
analysed  using  the  ANOVA  program.  As  can  bo  seen  from  the  ANOVA 
printout  in  Table  VI,  season  and  weather  were  in  fact  significant, 
although  to  a  much  lesser  degree  than  aircraft,  crows,  and  crew 
day. 
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EFFECTS  IN  MINUTES 


FIGURE  •:  NORMAL  FROIARILITT  FLOT 
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Ai  roof  t/Ai  retiw  Analysis 

Factor  Selection.  Although  tho  screening  tipiriaont 
disolosed  that  tin  factor*  anroind  significant  sffoots  on 
elosuro  ttno,  it  oould  givo  littls  indication  of  tho  nature  of 
those  offoots.  Moreover,  the  presenoe  of  very  strong  seeond-order 
interaetions  between  aircraft ,  airerews,  and  orew  day  indicated 
that  eoaples  and  probably  nonlinear  relationships  night  be 
involved.  Since  season  and  weather,  although  significant,  had 
relatively  weak  effects,  further  analysis  teas  directed  toward 
aircraft,  crews,  and  orew  day.  To  simplify  this  analysis,  it  was 
deoided  to  treat  the  orew  day  factor  (which  was  much  the  weakest 
of  the  three)  as  a  fixed  parameter.  Sinoe  wartime  orew  day  limits 
would  probably  be  oloser  to  IS  hours  than  to  12  hours,  the  higher 
figure  was  ohosan.  In  any  ease,  it  was  logioally  assumed  that  a 
shorter  orew  day  would  substantially  lnerease  the  olosure  time  for 
a  given  combination  of  airoraft  and  airorews. 

Experimental  Design.  Hie  analysis  was  thus  oentored  upon  the 
two  most  significant  footers  —  numbers  of  airoraft  and  airorews. 
In  order  to  explore  all  likely  combinations  of  the  two,  a 
faotorial  design  was  chosen.  Airoraft  levels  users  set  at  10,  15, 
20,  29,  >0,  and  40,  while  airorews  were  set  at  10,  15,  20,  29,  30, 
39,  40,  45,  90,  and  00.  These  levels  oovered  the  most  probable 
ranges  of  both  faotors  in  Alaska  and  were  expected  to  provide  a 
"response  surface"  with  enough  definition  to  allow  oonolusions  to 
be  drawn  about  the  nature  of  the  effects  and  their  interaotions. 

To  try  to  show  the  airoraf t/airorsw  effeots  as  olearly  as 
possible,  the  system  was  allowed  to  operate  freely,  with  good 
weather,  no  threat,  and  round-the-oloek  operation.  Forward  base 
parameters  were  set  at  approximately  the  levels  used  in  the  ARCTIC 
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CIRCLE  00  titroii*  These  conditions  wore  espeetad  to  provide  * 
"best-cave"  benchmark  whioh  oould  bo  used  to  aor«  accurately 
estimate  tho  effeots  of  other  factors  in  future  investigations. 

The  data  was  secured  using  auoh  the  same  procedure  as  for  the 
soreening  super iaent  The  SLAM  network  listing  was  Modified  to 
make  01  runs  (a  default  run  and  00  data  runs),  with  airoraft  and 
crew  ierels  for  each  run  being  set  by  appropriate  INTLC 
stateaents.  In  order  to  provide  a  better  data  base,  three  01-run 
batoh  lobs  were  made.  Eaoh  group  of  00  data  runs  was  made  with  a 
separate  randoa  nuaber  seud,  whioh  was  Inserted  at  the  beginning 
of  the  first  data  run  via  a  SEEDS  eta  tenant.  Onoe  set,  randoa 
number  seeds  were  not  re-lnitiallsed  between  separate  runs.  Sines 
any  ohange  in  the  alroraf t/orew  combination  would  result  in  a 
different  nuaber  of  oalls  on  the  randoa  nuaber  stream,  eaoh 
individual  run  was  thus  assured  of  a  "separate"  random  nuaber 
stream.  The  three-run  averages  for  eaoh  oell  are  shown  in  Table 
VII . 

Varianoe  Reduction.  It  should  be  noted  that  the  model  teas 
oonstruoted  to  use  only  one  randoa  nuaber  stream.  Sinoe  the  model 
amfces  thousands  of  oalls  for  randoa  numbers  in  the  eourse  of  a 
single  run,  and  sinoe  oorrelatlon  of  these  oalls  between  runs  was 
impossible,  the  use  of  antithetle  randoa  numbers  for  varianoe 
reduotion  was  ruled  out.  Although  it  may  have  been  possible  to 
provide  correlation  for  certain  Isolated  features  (suoh  as  the 
weather  subroutine,  whioh  makes  a  set  number  of  oalls  every  sis 
hours),  the  ooaplesity  required  was  not  judged  worth  the  smrglnal 


results  whioh  were  anticipated.  In  any  ease,  the  use  of  a  fined 
mission  input  was  found  to  be  a  very  effeotive  varianoe  reduotion 
teohnique  for  this  model. 


TABLE  VII.  AIRCRAFT/ AIRCREW  ANALYSIS  RESULTS 

CLOSURE  TIMES  IN  MINUTES 
(EACH  CELL  IS  A  3-RUN  AVERAGE) 


NUMBER  OF  AIRCRAFT 


NUMBER 

CREWS 

10 

13 

ZO 

23 

30 

40 

10 

13030 

14883 

14843 

14067 

14783 

14883 

IS 

10700 

10877 

10730 

10310 

10440 

103Z3 

ZO 

10107 

8883 

8887 

8878 

8113 

8 14Z 

zs 

10080 

8338 

8147 

8030 

7838 

8112 

30 

10006 

8108 

7384 

77Z1 

7671 

7830 

33 

0060 

8ZZ1 

7337 

7418 

7571 

7474 

40 

10071 

8181 

7Z03 

7140 

6873 

7112 

43 

10063 

81Z4 

7Z84 

8821 

6743 

8776 

SO 

66Z3 

8037 

7377 

6843 

8788 

8816 

•0 

100Z8 

8Z1Z 

737 Z 

7034 

6800 

6833 

Graphical  totljiU.  One*  th*  data  wi*  organised  end  th*  e*H 
averages  ooaputed,  a  pattern  inamdiately  emerged:  the  olosur* 
time*  deoreased  (but  at  different  rates)  as  airoraft  and  orew 
levels  were  increased.  More  importantly,  the  times  appeared  to 
"level  off"  at  well-defined  minimum*,  which  were  different  for 
eaoh  faotor  level.  Since  this  indicated  that  the  relationship 
between  th*  two  faotors  might  be  very  oomples,  a  graphioal 
presentation  was  undertaken  in  an  attasipt  to  keep  th*  effects  as 
easy  to  visualise  as  possible.  Accordingly,  the  graph  in  Figure 
10  was  constructed  by  plotting  eaoh  level  of  airoraft  as  a 
separate  line  against  olosure  time.  (A  similar  graph  oould  have 
been  obtained  by  plotting  crew  levels  as  separate  lines.) 

Nonlinearity  of  Effects.  As  oan  be  seen  in  Figure  10,  th* 
nature  of  th*  interaction  between  the  aircraft  and  orews  is 
immediately  obvious  and  very  well  defined.  Several  features  of 
this  interaction  would  be  of  great  us*  to  an  operational  planner. 
First,  it  is  apparent  that  appl lost  ion  of  more  resources  does  not 
have  a  linear  effeot  on  olosure  time.  In  faot,  the  relationship 
appears  to  be  nearly  exponential,  and  decrements  in  olosure  time 
beoome  increasingly  more  eostly  as  the  ultlswte  limit  of 
approsiswtely  9500  minutes  is  approaohed.  (Th*  last  missions  were 
entered  at  TaOOOO  and  required  about  500  minutes  to  oomplete  if 
scheduled  immediately.) 

This  marked  departure  from  the  linear  oan  be  assumed  to  be 
due  to  the  cumulative  effeot  of  system  delays.  For  lnstane*  given 
ten  missions  to  be  aeoompl ished,  ten  airoraft  oould  olose  th*  flow 
in  about  th*  time  required  for  one  mission  to  bo  aooempl ished 
(plus  saturatien  delays).  Five  airoraft,  however,  would  require 
more  than  double  this  time  due  to  th*  additional  "turn  time" 

For  even  fewer  airoraft,  these  delays  would 

107 


between  missions. 


CLOSURE  TiME  ON  MINUTES) 


FIGURE  10:  AIRCRAFT  VS  AIRCREWS  VS  CLOSURE  TIKE 
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aooumulate,  especially  (or  crow  root  and  extended  maintenance. 


For  vary  largo  (lows  < such  as  tho  ono  undsr  oonsldorat Ion)  this 
accumulation  wi 1 1  eventually  "smooth  oat"  into  tho  non-linoor 
relationship  shown  in  Figure  10. 

Operational  Value  ot  Analysis.  This  relationship  would  be  o( 
immediate  oonoern  to  an  operational  planner  oonoerned  with  (oree 
sizing  or  with  estimating  eslsting  capabilities.  For  Instance,  a 
planner  would  have  to  make  a  value  judgment  about  decreasing  the 
closure  time  from,  say,  8000  minutes  to  7000  minutes  (a  change  of 
about  18  hours)  if  it  would  require  nearly  doubling  the  number  of 
aircraft  and  crews  required.  However,  the  decision-making  process 
would  be  much  clarified  if  a  graph  (or  series  of  graphs) 
similar  to  Figure  10  were  available.  For  the  Alaskan  system,  it 
would  seem  that  allocation  of  more  than  Z0  to  ZS  aircraft  to  a  a 
(low  of  this  type  (and  under  these  conditions)  would  not  be 
productive . 

Optimum  Airorew/Airoratt  Manning.  Examination  of  the  line 
for  each  aircraft  level  shows  another  interesting  feature.  For  a 
given  number  of  aircraft,  closure  time  can  be  deoreased  by  adding 
crews,  but  only  to  a  certain  point;  beyond  this  point,  additional 
orews  have  no  effect.  In  effeot,  the  transition  from  the  curve  to 
the  horizontal  represents  a  "breai  point”  for  a  given  number  of 
aircraft:  with  fewer  crews,  the  flow  is  craw-1  lmi ted ;  with  more 
orews,  it  is  airoraft-limited.  Thus,  the  horizontal  lines  for  the 
various  numbers  of  airoraft  represent  the  best  possible  closure 
time  which  can  be  attained  for  that  number  of  aircraft,  regardless 
of  numbers  of  orews.  Conversely,  the  ourvlng  line  represents  the 
best  possible  closure  time  which  can  be  attained  from  a  given 
number  of  orews,  regardless  of  number  of  aircraft.  For  each 
aircraft  level,  the  point  at  which  the  airoraft-limited  portion 


interseots  the  ourva  (the  oraw-limitad  portion)  oan  be  oonaldarad 
an  opt  iaum  —  sora  oriwi  would  ba  wasted,  whila  fewer  craws  would 
oauaa  olosura  time  to  inoraaaa.  Tha  ratio  of  craws  to  airoraft  at 
thaaa  braak  points  is  approaiaataly  1.8,  whioh  would  indioata  to 
tha  plannar  that  this  would  ba  tha  opt iaum  craw  ratio  for 
esacution  of  tha  givan  flow  under  tha  givan  conditions.  As  a 
nattar  of  intarast,  most  C-130  units  ara  aannad  at  a  2.0 
oraw-to-ai reraf t  ratio,  whila  Alaskan  asslgnad  foroas  ara  mannad 
at  1.3;  thus,  tha  1.6  figura,  which  raprasants  a  "best-case" 
situation,  might  saan  to  indicata  that  Alaskan  airlift  foroas  ara 
undarmannad . 

Crawdav  Considarat i ons .  It  is  also  possibla  to  astimata  tha 
natura  of  tha  affaot  of  oraw  day  langth,  givan  Figura  10.  Sinoa  a 
givan  nusbar  of  aircraft  will  eventually  reach  a 
maximum-utilisation  limit  beyond  whioh  additional  craws  ara  of  no 
consequence,  it  is  reasonable  to  assume  that  tha  "bast  possibla" 
olosura  tima  for  a  givan  numbar  of  aircraft  (at  laast  in  tha 
oantral  ragton  of  tha  graph)  would  remain  unchanged  if  a  12-hour 
oraw  day  ware  to  ba  imposad.  Howavar,  tha  oraw- 1  imi  t  ing  ourva 
would  shift  upward,  resulting  in  a  changed  "braak  point"  for  aaoh 
numbar  of  airoraft.  This,  of  ooursa,  would  result  in  an  inoraasa 
in  tha  optimum  orew-to-al reraf t  ratio.  At  the  lower  right  portion 
of  tha  graph,  tha  "absolute  bast"  olosura  times  obtained  by  tha 
highest  levels  of  airoraft  and  oraws  might  wall  inoraasa,  since 
vary  great  numbers  of  oraws  may  ba  required  and  even  these  large 
airoraft  foroas  might  become  oraw-limitad.  (Sinoa  tha  Alaskan 
theater  would  ba  most  fortunate  to  see  even  30  usable  airoraft, 
analysis  of  af foots  in  this  portion  of  tha  graph  may  ba  aoademio.) 

Effaots  of  Other  Factors.  Effeots  of  other  faetors  on  tha 
alroraf tSoraw  intaraotions  would  probably  vary  in  intensity,  but 


110 


would  most  likely  sirvi  to  move  the  graph  upward;  both  tha 
eraw-1 imi t ing  curve  and  tha  best-time  Iinas  would  probably 
ineraasa  in  varying  amounts,  with  rasulting  ohangas  in  tha  optimum 
oraw  ratio.  It  is  probabla,  however,  that  tha  ganaral  struotura 
of  tha  graph  would  ramain  largaly  unohangad  —  a  roughly 
asponantial  craw- 1 imi t ing  ourva  with  horiiontal  aircraft-limiting 
iinas.  This  oonolusion  has  baan  tantativaly  verified  by  plotting 
tha  run  rasults  from  tha  soraaning  asparimant  on  Figure  10; 
howavar,  tha  shifting  oausad  by  other  factors  seams  to  ba  mu oh 
more  pronounced  at  tha  smaller  foroa  levels.  Esploration  of  tha 
affaots  of  other  faotors  on  tha  oraw/ai roraf t  ourva  is,  of  ooursa, 
a  subject  for  considerable  further  study. 

To  test  affaots  of  attrition  against  known  results,  runs  ware 
with  20  aircraft  and  23,  30,  and  35  oraws.  Tha  risk  level  in  Zona 
8  (the  forward  airhead)  was  foroad  to  tha  high-threat  condition 
(threat  present  with  low  olouds  and  no  asoort).  All  other 
conditions  ware  as  for  tha  main  ai roraf t /oraw  analysis.  Sinoa  all 
forward  airhead  missions  in  tha  input  flow  ware  "go-at-al l-oost" 
missions,  airoraft  wars  thus  foroad  to  fly  into  (and  out  of)  tha 
high-thraat  area  on  aaoh  trip  to  tha  forward  airhead.  With  tha 
high-thraat  attrition  rata  sat  at  10%,  no  flows  ware  oomplatad;  in 
fact,  all  airoraft  ware  destroyed  by ^about  T-13000  in  every  run. 
Tha  attrition  rata  was  than  lowered  \to.  3%;  soma  flours  were 
oomplatad  by  modal  shutdown  at  T«20180  (two  weeks),  but  tha 
completion  times  had  astramely  wide  varianeas  due  to  tha 
eombinator ial  nature  of  nonraplaoad  aircraft  loss;  in  faot,  tha 
olosure  times  ranged  from  about  8000  minutes  to  more  than  18000, 
depending  on  tha  number  of  airoraft  lost  and  tha  time  of  loss  of 
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each.  Crow  ratios  •••mad  to  have  little  •(foot  on  the  oloaura 


times;  Indeed,  as  aaoh  atroraft  and  Its  craw  was  lost,  tha  (low 
became  nor*  and  nor*  airera(t  limited,  thus  tending  to  alimlnata 
tha  oraw  affaet  completely.  Overall,  tha  varianoe  with  attrition 
was  so  astraaa  that  no  meaningful  analysis  oould  ba  accomplished 
in  tha  llmitad  tima  availabla.  Clearly,  tha  topic  o(  attrition 
marits  extensive  additional  lnvastlgation. 


Canaral  Observations 

Ovarall,  tha  analysis  would  indloata  that  tha  Alaskan  thaatar 
airlift  sys tarn  would  have  a  raasonabla  ohanoa  to  axaouta  its 
wartime  mission  undar  average  conditions.  Although  mora 
validation  work  is  required  bafora  tha  elosura  times  yielded  by 
tha  modal  can  ba  used  for  pradletiva  purposes,  it  would  appear 
that  tha  general  range  of  times  is  such  that  attainment  of  thaatar 
objectives  would  ba  feasible.  For  tha  flow  analysed,  a 
slmultaneoue  two-battalion  move  oould  thaorat 1 oal ly  ba  eompleted 
by  theater  airlift  foreas  in  3.5  to  8  days  from  initial  forward 
airhead  airdrops  to  final  movement  of  oargo  and  personnel  to  tha 
forward  airhead.  With  planned  augmentation,  this  tima  would  ba 
daoraasad,  but  only  to  a  mi  sum  urn  of  about  three  days  beoause  of 
forward  airhead  limitations.  Of  ooursa,  with  adverse  weather  or 
other  constraints,  these  times  would  undoubtedly  be  greater,  but 
the  analysis  would  seem  to  indicate  that  the  flow  oould  still  be 
olosad  within  seven  to  eight  days,  barring  extreme  conditions. 
With  threat,  tha  question  of  flow  completion  beoomas  problematic, 
slnoe  it  would  appear  that  the  Alaskan  airlift  force  simply  oannot 
afford  attrition. 
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gggftll 

Th i  •  chap  tar  h«f  ditountd  the  us*  of  tha  modal  (or 
praliminary  analysis  of  tha  Alaskan  thaatar.  Spaol (toal ly ,  It 
ihowid  how  tha  modal  oan  ba  usad  (or  both  soraaning  daslgns  (to 
quiokly  dataot  important  (aotors>  and  (or  in-dapth  analysis  (to 
asplora  tha  natura  of  affacts  of  a  saallar  nuabar  of  significant 
faotors) .  Tha  valua  of  modal  output  to  oparatienal  plannars  was 
damonstratad  and  savaral  oonoluslons  wars  drawn  about  tha 
parformanea  of  tha  Alaskan  thaatar  airlift  systam.  Tha  nast 
ehaptar  will  summarisa  tha  rasults  of  this  thasis  and  will  offar 
oonoluslons  about  tha  viability  of  tha  modal  and  raooamandations 
oonoarnlng  its  futura  applications. 
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VI I .  Conclusions  and  Beco-H*"** 1 1 ^"T 


SgBftll. 

This  study  has  examined  ths  performance  of  ths  Alaskan 
thaatsr  airlift  system  in  a  rsprsssntat i ve  wartime  operating  soda 
through  ths  us*  of  a  simulation  modal.  First,  the  Alaskan  thoatar 
was  dasoribad  and  tha  major  difficulties  which  it  presented  to 
planned  wartime  operations  were  di soussed;  also,  several  likely 
wartime  soenarios  for  the  theater  were  outlined.  Neat,  the 
Alaskan  airlift  system  was  esamined  and  its  basic  functions  and 
components  identified;  certain  assumptions  were  made  about  how 
these  would  be  inoluded  in  the  proposed  modal.  A  simulation  model 
was  then  developed  whieh  incorporated  the  major  elements  of  the 
system  and  its  likely  wartime  operation.  This  model  was 
oareful ly  checked  for  proper  operation  and  validated  against 
available  data  from  the  existing  airlift  system.  The  model  was 
then  run  under  oonditions  similar  to  the  "worst-oasa"  scenario 
earlier  outlined.  A  screening  experiment  was  exeouted  to 
determine  whieh  faotors  significantly  affeeted  system  performance. 
The  two  most  important  faotors,  number  of  airoraft  and  number  of 
alrorews,  were  then  analysed  to  determine  the  nature  of  their 
effects.  The  results  of  these  analyses  allow  several  oonolusions 
to  be  drawn  about  system  performance  and  about  the  rnmdel  itself. 

Conclusions 

Model  Viability.  Based  on  the  results  of  this  thesis,  it 
would  appear  that  a  simulation  xwdel  tailored  to  the  partloular 
combination  of  oonditions  in  Alaska  can  effeotively  be  used  to 
analyte  Alaskan  theater  airlift  system  performance.  Although  the 
model  does  not  include  all  of  the  detail  of  the  system,  general 


HtiutM  of  system  capability  and  performance  osn  still  be 
obtained.  In  particular,  ths  model  osn  bs  used  to  examine  the 
nature  of  the  effeets  of  various  faotors  on  system  operation  under 
a  wide  range  of  soenarios.  The  output  of  sueh  studies,  whi le 
perhaps  not  aoourate  enough  to  be  used  as  a  purely  predlotive 
tool,  can  be  extremely  useful  in  force  planning  and  eapability 
evaluation.  Civen  the  nature  of  the  results  obtained,  the  xwdel 
may  also  have  a  useful  predlotive  potential,  although  sueh  use 
would  require  more  validation. 

Slanif leant  Faotors.  Within  the  soope  of  system  components 
modeled,  number  of  airoraft  and  number  of  alrerews  most  direotly 
affeot  system  performance  under  “average"  operating  oondltlons. 
To  a  lesser  extent,  length  of  crew  day.  season,  and  weather  can 
exert  signifloant  influenoes  on  system  operation.  Faotors  suoh  as 
physioal  limitations  at  airfields  and  materials  handling  equipment 
were  found  to  have  relatively  small  effeots  on  the  system  under 
the  soenarios  considered. 

Alrorait/Mrorow  Interaction.  The  numbers  of  available 
airoraft  and  airorews  have  a  very  oomplex  but  rexuirkably 
well-defined  effect  on  system  oapabillty.  For  a  partioular 
soenario  and  a  given  number  of  airoraft,  system  performanoe  oan  be 
improved  by  addition  of  more  alrerews,  but  only  up  to  a  certain 
point.  Beyond  this  point,  whioh  oan  be  easily  identified  by 
graphical  analysis,  introduotion  of  more  erews  into  the  system 
will  have  no  etfeot.  This  point  represents  the  eptlaram 
orew-t o-ai roraf t  ratio  tor  a  given  soenario.  (For  a  given  number 
of  erews,  system  performance  oan  similarly  be  improved  by 
additional  aircraft,  but  only  up  to  the  point  of  optimality.)  For 
the  soenarios  examined,  the  optlman  orsw  ratio  was  approximately 


1 . g  orews  per  airoraft,  not  ineluding  "overhead"  orews  required 


(or  ground  duties.  Sinoe  tho  single  active-duty  AUiUn  airlift 
unit  is  currently  monnod  at  only  a  1.3  ratio,  It  would  appear  that 
more  aircrews  would  improve  tho  wart imo  airlift  oapabllity. 

Anothor  important  aspoot  of  tho  alroraf t/airorow  offoot  is 
that  improvements  in  system  oapabllity  beeome  increasingly  more 
oootly  in  torms  of  additional  airoraft  and  airorows  required  as 
tho  thoorotloal  minimum  t imo  for  completing  a  given  ooonario  Im 
approaehod.  Indood,  tho  tradeoff  appoara  to  follow  an  oaponontial 
pattern  for  tho  oeonarloo  examined,  and  it  io  probable  that  tho 
pattern  is  similar  (although  perhaps  shifted  in  magnitude!  for  the 
conditions  most  likely  to  obtain  in  the  theater.  From  the  results 
obtained,  however,  it  would  appear  that  the  existing  airlift  foroe 
(with  planned  augmentation  and  perhaps  with  some  additional  orews) 
should  be  oapable  of  satisf aotori ly  handling  the  most  likely 
wartime  requirements. 

wiffn— T1  lilt  inm 

This  xu>del  represents  a  first  step  in  evaluating  Alaskan 
theater  airlift  oapabllity.  It  is  additionally  a  different  (if 
not  completely  new)  approaoh  to  the  problem  of  theater  logistios 
analysis  in  general  and  to  the  specif io  area  of  theater  airlift 
modeling.  The  model  lneorporates  several  new  or  expanded  features 
such  as  risk,  variable  weather,  aborts,  airdrops,  and  speoiflo 
mission  input,  as  well  as  the  important  aspeot  of  ease  of  oontrol 
by  the  user.  Sines  the  model  and  the  investigations  oonduoted 
represent  only  a  first  step,  further  research  into  the  Alaskan  or 
other  theater  airlift  systems  using  this  model  oould  profitably 
examine  a  number  of  areas. 

At  t  r  1 1 1  on .  Very  limited  examination  was  made  of  attrition, 
and  no  meaningful  analysis  oould  be  made  of  the  results  obtained. 
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If  airlift  airoraft  must  oparata  into  a  high  thraat  area, 
attrition  would  ba  a  vary  aarioua  problaa.  Invaat igat ions  in  this 
araa  should  esamine  tha  at  facts  of  both  replacement  and 
non-rep laeenant  of  airoraft  and  oraws,  sinoa  it  is  raasonabla  to 
assume  that  raplaoaaant  of  alraady-orit ioal  airoraft  in  wartime 
night  ba  vary  limitad. 

Additional  Basas.  For  tha  Alaskan  system,  it  night  ba 
worthwhila  to  examine  systam  parformanoa  undar  a  "split”  nova. 
Suoh  a  soanario  would  involva  oparatlon  of  two  saparata  and 
possibly  sinultanaous  flows  to  tha  forward  araa,  and  would  bring 
varlabla  waathar  and  distanoa  into  nora  proninanoa.  This  would 
require  adding  anothar  f ightar /staging  basa,  anothar  forward 
airhaad,  and  parhaps  ona  or  mors  additional  CCI  sitas.  Tha  nodal 
oan  ba  modifiad  to  ineluda  additional  basas,  although  this  would 
raquira  soma  rawriting  of  tha  FORTRAN  ooda  and  addition  of  tha 
appropriata  basa  natworks.  Use  of  additional  basas  should  ba 
oarafully  waighad  against  addad  modal  oosq>lasity,  howavar,  sinoa 
modal  oomplasity  grows  aiponantial ly  as  tha  numbar  of  basas  is 
inoraasad . 

Maintenance  and  Aarial  Port.  Kona  basa  maintananoa  and 
aarial  port  funotions  oould  ba  modalad  in  muoh  nora  datail, 
although  to  do  so  would  graatly  eomplicata  tha  nodal.  Ona 
advantaga  to  suoh  modal ing,  howavar,  would  ba  to  allow  asamination 
of  tha  affaot  of  daoraasing  spar*  parts  lavals  on  mission  flow. 
This  oould  baeoms  a  form  of  attrition  as  airoraft  wnra  foread  to 
ba  groundad  for  laok  of  anginas,  propallars,  and  othar  kay 
oomponants.  A  posslbla  approaeh  might  ba  to  track  tha  stock 
lavals  of  savaral  critical  assemblies;  indaad,  tha  modal  already 
inoludas  provisions  for  tracking  anginas  and  propallars  (although 
this  capability  was  not  usad  in  tha  analysis  because  of  laok  of 
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aoourate  rtpUotMnt  rut*  data)  .  Ths  abort  triggering  structure 
(which  largely  reflect*  aircraft  reliability)  could  alao  be 
modeled  in  more  detail;  thie  would  allow  the  testing  of  the 
system'e  eeneltivity  to  differing  abort  ratee. 

Interactive  Operation.  One  of  the  major  drawbacks  of 
theater-oriented  models  is  that  theater  systems  normally  operate 
on  a  day-by-day  basis,  with  realloeatlon  of  resouroes  and 
determination  of  airlift  requirements  being  accomplished  each  day. 
Since  currently  available  simulation  languages  suoh  as  SLAM  are 
strietly  batch-oriented,  the  modeler  must  try  to  anticipate  all 
situations  into  which  the  model  may  be  driven  during  relatively 
long  periods  of  operation.  A  possible  way  to  overcome  this 
drawback  might  be  to  make  multiple  parallel  Z4-hour  runs  and  then 
to  average  the  results.  Parameters  and  requirements  for  the  nest 
day  could  then  be  entered,  taking  into  aooount  the  previous  day's 
performance,  and  the  model  run  for  another  Z4  hours.  Although 
this  approaoh  would  move  the  theater  modeling  prooess  oloser  to  a 
war-gaming  oonoept,  it  would  open  up  a  broad  new  area  of 
applioation  for  modeling.  (Use  of  airlift  models  for  aotual  war 
gaming  might  even  be  feasible.)  In  any  oase,  a  day-by-day 
approaoh  would  give  the  modeler  far  more  oontrol  over  model 
performance  and  would  allow  eseoutlon  of  very  oonplioated  and 
highly  realistic  scenarios.  The  Z4-hour  approaoh  oould  be  used 
with  this  model  since  it  is  designed  to  be  easily  oontrolled; 
however,  it  would  require  a  suoeession  of  batoh  jobs  whieh  might 


take  a  great  deal  of  time  and  would  not  be  as  eoonemioal  as  a 
truly  interaetlve  model. 


As  Mntiontd  at  the  beginning  of  this  study,  ths  Alaskan 
theater  Is  unliksly  avar  to  baoome  a  major  troubla  spot.  However, 
this  doss  not  prsoluda  tha  usa  of  Alaska  as  a  tasting  ground  for 
operations  in  other,  more  volatile  areas.  This  is,  in  faot,  what 
is  being  dona  on  at  laast  a  limited  soala  by  the  Military  Airlift 
Command  and  the  U.S.  Army.  Sinoa  Alaska  provides  an  ln-plaee 
theater  airlift  oapability  and  a  wide  variety  of  operating 
environments,  it  oan  simulate  many  northern  latitude  operating 
looations.  Additionally,  the  great  dlstanoes,  sparse  population, 
and  laok  of  surfaoe  transportation  give  Alaska  many  similarities 
with  other  areas  of  interest.  In  partioular,  Alaska  is  typical  of 
many  areas  where  airlift  would  be  tha  primary  means  of 
transportation,  and  in  whioh  analysis  of  the  logistics  system  as  a 
whole  tends  to  oenter  upon  the  airlift  network.  Accordingly, 
anamination  of  airlift  in  Alaska  oan  provide  insight  into  many 
non-Alaskan  areas  whioh  may  not  be  amenable  to  examination  using 
other  methods  or  models.  This  model,  than,  is  not  simply  a  model 
for  use  in  Alaska;  father,  it  represents  an  alternate  approaoh  to 
an  important  aspeot  of  the  overall  theater  logtstios  problem. 
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Figure  17:  Baee  4  Dipirtuci  Subnet 


Figure  IB:  Bet*  9  Arrival  and  Departure  Subnets 


OSB.CH177000, 10800, T1200 .  T820043  BOWERS  433* 

ATTACH, PROCFIL, ID-AS10171 ,SN-ASDAD. 

BEGIN, MOSfltE. 

GET, HA IN, ID.DB . 

GET.HSTACX, I0.DB . 

ATTACH, PROCF I L.SLAHPROC, ID.AFIT. 

BEGIN, SLAM, ,H. MAIN, PL* 2 00 00 . 

•  EOI 

GEN, BOWERS, THEATER  AIRLIFT  NET, 2 , 10 , 12 , 33 ;  •••*•  TOTAL  OF  33  RUNS 


LIMITS, 32, 40, 300;  **««»*  MAE  OF  33  FILES,  40  ATRIIS,  300  ENTITIES 
ST AT, I , FUEL  USED;  >**•*••  COLLECT  STATISTICS  BASED  ON  OBSERVATION 
STAT , 2 ,MSN  FLY  TIME;  (STAT  10  NOT  USED) 


STAT, 3, CREW  DAY  LENCTH ; 

STAT, 4 , GNDTIM  1; 

STAT, S.GNDTIN  2; 

STAT, 8, GNDTIM  3; 

STAT, 7, GNDTIM  4; 

STAT, 8. GNDTIM  3; 

STAT, 8, SORT IE  LENGTH; 

STAT, 11, MSN  8CHD  OLAY; 

STAT, 12, MSN  COHF  OLAY; 

STAT, 13, CLOSURE  TIME; 

TIMST , IE < 1 ) , ACFT;  *«*«•**•*••••  COLLECT  TIME- AVERAGED  STATISTICS 

TIMST.EE (2), CREWS;  ON  KEY  GLOBAL  VARIABLES 

TIMST , EE ( 3 ) .ENGINES; 

TIMST, EE(4) .PROFS; 

TIMST, EE  <  3 ) .TIRES; 

TIMST, EE(21) .ENDSWCH; 

TIMST, EE (22) ,HSNS  ENT; 

TIMST, EEC 23 ),MSNS  CMP; 

TIMST, 22(24), CLOSETIM; 

TIMST, 22(83). MOC3; 

TIMST ,22(84) ,MOG4 ; 

TIMST, EE< 73), FK3; 

TIMST, EEC  74 ),FK4; 

NETWORK;  «*«**t**«***«**t***»*»***«»***«»  BEGIN  NETWORK  LISTING 
RESOURCE /HOC 3, 8;  DEFINE  RESOURCES 

RESOURCE/ ATC3 , 14,8;  (LEVELS  ARE  SET 

RESOURCE /X3 ,12,10;  DURING  EXECUTION 

RESOURCE/FX3, 13,11;  BY  GLOBAL  VRBLS 

RESOURCE /HOC4, 13;  AND  SUBROUTINE 

RESOURCE/ ATC4, 21, 18;  INTLC) 

RESOURCE /K4, 18, 17; 

RESOURCE/FK4 ,28,18; 

;  CONTINUATION-SCHEDULER  SUBNET 

EV4  EVENT, 4;  CONTINUATION  CHECK 

ACT/1, ATR!B(17) ,ATRIB(18) .EG. 8, BV3;  ACFT  FREE,  GO  TO  SCHED 
ACT/4,, ATRIB( 18 >.E01,ONCO;  MORE  LEGS,  CO  TO  DEPT 

ACT, 30 , ATRIBC 18) . EQ . 88 ;  ACFT  CNDED 

COON, 1 ; 

ACT, ,ATR!B(13) .IB. X.GOIO;  CNDED  ACFT  TO 


BEGIN  NETWORK  LISTING 
DEFINE  RESOURCES 
(LEVELS  ARE  SET 
DURING  EXECUTION 
BY  GLOBAL  VRBLS 
AND  SUBROUTINE 
INTLC) 


ACT , , ATE I B ( 1 3 )  LB.  2, COlO 
ACT, , ATR1B( 13 ) . XQ . 3 , COSO 
ACT , , ATR I B ( 1 3 )  20.4,0040 
ACT,  .ATRISUS)  . EQ.3.C05Q 


APPROPRIATE  BASE 
OFFLOAD  SUBNETS 


r"* 


EV3  EVENT, 3,1; 

ACT, , ATRIB/ It)  EQ.O.ENDl; 
ACT/2, .ATRIB/1S)  .EQ. l.ONCO; 
ACT, ,ATRIB< II) . EQ . 10  0 , EN5  ; 

ONGO  COON; 

ACT / S , , ATR 1 8 < 1 2 )  .EQ.l.ONl; 

ACT / 1 , ATR I B ( 1 7  > , ATR I B ( 1 2 ) . EQ . 
ACT/7, ATRIB/ 17) , ATRIX 12) . EQ . 
ACT/ 8 , ATR I B / I 7 ) , ATR I B ( 1 2 ) .  EQ 
ACT / 1 , ATR I B  < 1 7 ) , ATR I B  ( 1 2  > . EQ . 
END l  GOON, 1 ; 

ACT/ S , SO . , XZ ( 21 > . NE . 2 , EV3 ; 
ACT/17; 

END2  ASSIGN, XX (1 ) ; 

ASSIGN, ATRIB/ 2) «ATRI B< S  > /XX ( 24  > ; 
ASSIGN , ATRIB/ 2 ) "ATRIB / 2 >  *24 ; 

ACT, , XX< 1 >  EQ. 0 , END 3 ; 

ACT; 

END4  COLCT, ATRIB ( 2) , ACFT  UTE  RATE; 
ACT, , , CRST; 

END 3  COLCT. FIRST, END  OF  RUN; 

ACT , 1 ; 

TERMINATE, 1; 

;  DEPARTURE  SUBNETS 
;  BASE  1  DEPARTURE  SUBNET 
ONI  C OON.l; 

ACT/10 , ATR I B< 17) , ATRI B( 11 ) . EQ 
ACT/81; 

ASSIGN, ATRIB<18)>0; 

ACT/82,,, AQ; 

ACT.  .01, ATRIB/ 10)  GE. l.CRST; 

EN8  ENTER , 8 ; 

CRST  ASSIGN, ATRIB ( 17 ) sUSERF ( 12 ) ; 

ACT/88, ATRIB<17) ; 

CQ  QUEUE ( 7 ) , , , , MAT1 ; 

AQ  QUEUE (8) , , , ,HAT1 ; 

NAT1  MATCH. IS, AQ/CNRK, CQ/COL1 ; 

COL1  C0LCT,NNQ(7) , RBTD  CREWS  AVBL ; 
ACT/ 89; 

TERMINATE; 

CM RE  A8StGN,ATRIB(10)*TNOW*ATRIB(17> ; 
ASSIGN, ATRIB< 33>-0; 

ACT, ATRI 8(17); 

ON  2  ASSIGN, ATRIB<17)>USERF<1»>; 

ACT/88, ATRIB(17) ; 

GOON, 1 ; 

ACT, , ATR Il( 12) . EQ . 1 , RST1 ; 

ACT; 

RST2  EVENT, 18,1; 

ACT, 80 . , ATRIB< IS) . EQ . 0 , RST2 ; 
ACT, 30 . , ATRIBt 18 ) . EQ . 88 , COIQ ; 
ACT, ATR Il( 17) , ,AS1B; 

RST1  EVENT, 18,1; 


SCHEDULER 

NO  MSN,  WAIT  1  HR 
MSN  A8CD,  CO  TO  DEPT 
NO  PMC  HSNS  AVAIL  ~ 
PMC  ACFT  TO  MXHAIN 
BRANCH  TO  DEPT  SUBNETS 


2.0N2 
3  ,  ON  3 
4 ,  ON  4 
S.ON3 


NO  MSN  --  1-HR  HOLD 
NO  MSN  —  END  OF  RUN 
DECR  ACFT  IN  SYS 
SET  UP  UTE  RATE  BASED 
ON  CLOSURE  TIMX 
LAST  ACFT,  TERMINATE 
ACFT,  CREW  TO  STAT  COL 


0. AND. ATRIBt 10)  GE.l,ON2; 
NEED  NEW  CREW 

ACFT  TO  NEED-CREW  QUEUE 

CREWS  FROM  SCHED 
COMPUTE  CREW  REST 
CREW  REST 
RESTED- CREW  QUEUE 
ACFT  NEED-CREW  OUEUE 
MATCH  ACFT  AND  CREWS 


HARK  NEW  CREW  START  TIME 


BASE  2  ACFT  REENTER  HERE 
ONLOAD 

IF  BASE  1,  CO  TO  RESTRT 

RESTRT:  ENGINE  START  2 
ABORT,  HOLD  FOR  WX 
BREAK  -  NEED  RESCUE 
PROCEED 
RETSRT  BASE  1 


ACT. . ATR ! B  < 16 ) . NE . 1 , G01Q ; 
ACT, ATR IB<17)  ; 

AS  1 8  ASSICN , ATRIB!17)-USERF(14>  ; 
TR1Z  EVENT, 18.1; 

ACT, ATRIB! 17)  ; 

COON, 


BREAK  --MSN  ABORT 
PROCEED 

MISSION  TRACE  -  DEPART 
TAX  I -OUT 


ACT, 5  . ,EV5;  CO  TO  ENROUTE 

;  BASE  I  DEPARTURE  SUBNET 
ON 3  COON , 1 ; 


EN3 

C03D 


ACT, , ATRI B (13) . EQ . 0 , RST3 , 
ACT.TRIAGUO.  ,  13  .  ,  20  .  )  ,ATRIB(  13)  . 
ACT.TRl AC( IS . ,30,43  >, ATRIB! 13) . 
ACT/81, , ,C03D; 

ENTER, 3; 

ACT/ 86 ; 

COON, 1; 

ACT/ 82,  ,  XX  <  ’’B  >  .  GE  .  1  .  AND . NNRSC I K3 > 
ACT/83; 


NO  LOAD 

EQ.1.RST3;  NON-CARCO  LOAD 
EQ.5.RST3;  PERS  AIRDROP  ONLOAD 
LOADS  NEEDINC  MHE 
ENTER  MSNS  FROM  CHBT3A 
CO  TO  K3  AVAIL  CHECX 

CE.l , K3QB ;  USE  K3  ONLY 
IF  NO  VAITINC 
CO  TO  FK3  AVAIL  CHECK 


C03E  COON, I; 

ACT/ 84 , , XX ( 7 3 )  CE. 1.F30B; 
ACT/ 83; 

EV11  EVENT, 13,1; 

ACT, 10 , ATRIB< 16 ) . EQ . 0 , EV3 ; 
ACT, 10, ATRI B< 18)  EQ . 1 , RST3 ; 
K3QB  AWAIT! 12) , K3 ; 

ACT ,  I/SERF !  3  3  )  ; 

FREE ,X3  ; 


IF  FX3  IN  SVC,  ENTER  AWAIT 
NO  FX3  IN  SVC,  RESCH3 
CMBTX :  IF  NO  FK3  AVAIL, 
REENT  MSN,  ACFT  TO  SCHD 
ABORT  ACFT  CO  HOME  EMPTY 
AWAIT  K3  FOR  ONLOAD 
ONLOAD 


ACT. , , RST3 ; 

F3QB  AWAIT! 13) ,FK3; 

ACT , USERF ! 34 )  ; 

FREE , FK3 ; 

RST3  EVENT, 16,1; 

ACT, 60. , ATRI B! 16)  EQ.0,RST3; 

ACT, 30. , ATR I B ! 1 6 )  EQ  98.C03Q; 
ACT, ATRI B! 17); 

AS3B  ASSICN, ATRIB! 34 ) .TNOW- ATR I B ! 4 ) ; 

ASSICN, ATRI B! 6 ) -ATRIB! 8 ) +ATRIB! 34  > ; 
ASSIGN, ATRIB! 7) ■ ATRIB! 7 ) ♦ATRIB! 34  > ; 
ASSICN, ATRIB! 4) -TNOW, 1; 

TR32  EVENT, 18,1; 

ACT/ 87, 10. ,XX!3Q) . LE . 2 , FMC3 ; 

ACT, , , TOQ3 ; 

TOO I  AWAIT! 14 >,ATC3; 

ACT, 13; 

FREE , ATC3 ; 

FMC3  FREE ,MOC3 ; 

ACT/88, , , EV3 ; 

;  BASE  4  DEPARTURE  SUBNET 
0N4  COON , 1 ; 


AWAIT  FK3  FOR  ONLOAD 
ONLOAD 

RESTRT:  ENG  STRT  3 
ABORT,  HOLD  FOR  WX 
BREAK  -  NEED  RESCUE 

GNDTIH 

UPDATE  ENG  TFAIL 
UPDATE  PROP  TFAIL 
RESET  START/STOP  TIME 
MISSION  TRACE  -  DEPART 
VFR  DEPARTURE 

AWAIT  TAKEOFF  CLNC 
IFR  DEPARTURE 
OUT  OF  LOCAL  AREA 

CO  TO  ENROUTE 


ACT/00, , ATRIB!13)  GE. 4, EVS;  AIRDROPS  GO  TO  ENROUTE 

ACT, ,ATRIB! 1 1) . EQ . 0 , RST4 ;  NO  LOAD 

ACT ,TR!AC!3. ,10. ,13. ) , ATR I B ! 1 3  > . EQ . 1 , RST4 ;  NON-CARGO  LOAD 
ACT/61, ,, GOOD;  LOADS  NEEDING  HHE 
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ENTER  MSNS  FROM  CMBT4A 
CO  TO  K4  AVAIL  CHECK 


EN4 

C04D 

C04E 

EV12 

K40B 

F4QB 


ENTER, 4; 

ACT/M; 

COON, 1; 

ACT/12, ,XX(7§)  CE.l. AND  NNRSC<K4>  CE. 1, K4QB;  USE  K4  ONLY 


ACT/BJ, 

COON, 1, 

ACT/14, ,21(74 >  CE. I,F4QB; 
ACT/BS; 

EVENT, IS, 1; 

ACT, 10, ATRIS< IB)  EQ. 0.EV3; 
ACT ,10, ATR I  B ( 1 6 ) . EQ . 1.RST4; 
AVA IT( 1 3  > , K4 ; 

ACT , USERF (43); 

FREE ,K4 ; 

ACT, , , RST4 ; 

AVA IT ( 20 ) , FK4 , 

ACT , USERF (43); 

FREE , FK4 ; 


IF  NO  WAITING 
CO  TO  FK3  AVAIL  CHECK 

IF  FK4  IN  SVC,  ENTER  QUEUE 
NO  FX4  IN  SVC,  RESCH4 
CMBTX:  IF  NO  FX4  AVAIL, 
REENT  MSN,  AC FT  TO  SCHD 
ABORT  AC FT  CO  HOME  EMPTY 
AWAIT  X4  FOR  ONLOAD 
ONLOAD 


AWAIT  FK4  FOR  ONLOAD 
ONLOAD 


RST4  EVENT, 18,1; 

ACT, 80. , ATR I B( 10  > . EQ . 0 , RST4 ; 

ACT, 30. , ATRIBC 10) . EQ. SB , G04Q; 

ACT , ATR 1 B ( 1 7 ) ; 

AS4B  ASSIGN, ATRIB<  34 ) »TNOW- ATRI 8 ( 4 ) ; 

ASSIGN ,  ATR  I  B<  8 )  ■  ATRIBC  8  )  ♦ATRIB(  34  )  ; 
ASSIGN, ATRIB<7) «ATRIB(7>+ATRIBC 34 > ; 
ASSIGN, ATRI S( 4  >*TNOV, 1 ; 

TR42  EVENT, 18,1; 

TOQ4  AVA ITC  2 1 > , ATC4 ; 

ACT, 13; 

FREE , ATC4 ; 

FREE ,MOC4 ; 

ACT, , ,EV3; 

;  BASE  3  DEPARTURE  SUBNET 
ON3  COON , 1 ; 


RESTRT:  ENG  STRT  4 

ABORT  -  HOLD  FOR  WE 
BREAK  -  NEED  RESCUE 
PROCEED 
GNDTIH 

UPDATE  ENC  TFAIL 
UPDATE  PROP  TFAIL 

MISSION  TRACE  -  DEPART 
AWAIT  TAKEOFF  CLNC 
IFR  DEPARTURE 
OUT  OF  LOCAL  AREA 

CO  TO  ENROUTE 


ACT/33, .ATRI S<13>  CE. 4. AMD. ATRIBC 13)  NE.8,EV3;  AIRDROPS 


ACT/ 34 , USERF ( 32 ) ; 


ONLOAD 


RSTS  EVENT, 18,1;  RESTRT;  ENC  STRT  3 

ACT , 60 . , ATRI B ( 1 8 ) . EQ . 0 , RSTS ;  ABORT  -  HOLD  FOR  WE 

ACT, 30 . , ATRI B< II ) . EQ . BB ,C03Q ;  BREAK  -  NEED  RESCUE 

ACT, ATRI B< 17) ; 

AS3B  ASSIGN, ATRIBC 34 )«TNOV-ATRIB(4> ;  GNDTIH 

ASSIGN, ATRIBC  0 ) aATRIB ( 6  >  +  ATRI B( 34 ) ;  UPDATE  ENC  TFAIL 
ASSIGN, ATRI B(7 ) aATRIBC  7  >  +  ATRI B (  34 ) ;  UPDATE  PROP  TFAIL 
ASSIGN, ATRIB(4)-TN0W;  RESET  START/STOP  FLAC 

TR52  EVENT, IB, 1;  MISSION  TRACE  -  DEPART 

ACT , 1 0 . , , EV5 ;  CO  TO  ENROUTE 


* 

;  ENROUTE -APPROACH  SUBNET 

EV3  EVENT, 3,1;  ENRTE ;  SETS  ENRTE  TIMES, 

CHECXS  WE  AND  THREAT 

ACT/2B,, ATRIBC II)  SO. O.COL2;  ACFT  LOST  TO  THREAT 

ACT/20, ATRIBC17) , ,EVI;  ENRTE  TIME,  CO  TO  APPRCH 

COLE  COLCT, FIRST, LOST  ACFT; 


1 


ACT, , .DEAD; 

EV8  EVENT, 1,1; 

ACT/ 27,11. , ATR I B ( 1 6  > .CE.2.EV6; 
ACT/ 28, ,ATHIB(1B) . EQ . 0 , EV5 ; 
ACT/ 20; 

APGO  COON , 1 ; 

ACT/ 21 , ,ATRI8( IS)  LE . 2, APP1 ; 
ACT/ 23, , ATRIB(IS) . EQ . 3,APP3; 
ACT/24, ,ATRIB(13) . EQ. 4.AFP4; 
ACT/25. , ,APPS; 


ACFT  TO  OEAO  FI IE 
APPRCK : 

MISSED  APPROACH,  TRY  AGAIN 
CANT  GET  IN,  GO  TO  ENRTE 
SUCCESSFUL  APPRCH 
CO  TO  ARRIVAL  SUBNET 


;  BASE  ARRIVAL  SUBNETS 
;  BASE  1  AND  2 
APP1  GOON, 

ACT/10,5. ;  STRAIGHT- IN  APPROACH 

GOON; 


ASIA 


TR1 1 
GO  10 


G02R 
GO  IV 


ACT, IS. , ATR I B  < 1 4  > .  GE.4.AS1A; 
ACT, TR I AG  <  5 . , 10 . , 20 . , 1 ) , ATRIBI 1 
ASSIGN, ATR I B ( 3 4  > »TNOV- ATR I B ( 4 ) ; 
ASSIGN, ATRIBt  3 ) *ATRIB(  3 ) +ATRIB( 34 ) 
ASSIGN, ATRI 8(4 )-TNOW; 

EVENT, 17; 

GOON , 1 ; 

ACT,TRIAG< 10 . ,20. ,30. ) , ATR IB 
ACT, USE RF (11), ATRIB( 14 ) . NE . 8 
ACT,TRIAG( 10 . ,20. ,30.)  ; 

GOON; 

GOON , 1 ; 

ACT, , ATR IB(15).EQ.1,C01V; 

ACT/ 12; 

GOON , 1 ; 


AIRDROP  TAXI - IN 
4)  LE. 3, ASIA;  OTHER  TAXI- IN 
LEGTIH 

UPDATE  TFLY  SINCE  HOME 
RESET  START/ STOP  FLAC 
MISSION  TRACE  -  ARRIVAL 
REENTRY  FOR  BROKEN  ACFT 
1 5 > . EQ . 1 . AND . ATR I B ( 1 4 )  NE.8.C01V; 
G01V ;  OFFLOAD 

RESCUE  OFFLOAD 

REL  NODE  FOR  RESCUED  ACFT 

BASE  1  TO  RESCH 
,  BASE  2 


ACT, , ATRI B( 18  > . NE . 88 , EV4 ;  REC  BASE  2  TO  CONTIN 

ACT; 

RSQ2  EVENT, 15,1;  CALL  RESCUE  MSN 

ACT , REL (G02R) , ATRIB( 1 8 ) . EQ . 1 , RSQ2 ;  ACFT  AWAIT  RESCUE 
ACT, ATRI B( 17) , ATRIB( 18) . EQ. 0.RST2;  FIXTIN  FOR  RESCUE 
GOIW  GOON, 1 ; 

ACT/13, ,ATRlB(ll).EQ.l. OR. ATRIBdD.EQ. 3, EV14;  GOTO  RESCH 


ACT/ 14 , , , EV1 0  ; 

EV14  EVENT, 14; 

» 

ACT, . ,EV10; 

EN5  ENTER. 5; 

ACT/ 88; 

XV18  EVENT, 10; 

ACT/13, ATRIK 17) ,ATRIB(18)  EQ. 
ACT/18, ,ATRIB(18)  EQ.O.CRST; 
ACT , , ATR 18(18) .EQ.O; 

COLCT, F! RST.NORS  ACFT; 

DEAD  QUEUE ( 22 ) ; 

;  BASS  3  ARRIVAL  SUBNET 
APP3  AWAIT ( 8  > , MOC3 , 1 ; 

ACT/ 31, 7. , XX( 30 ) . IE . 2 , AS3A  ; 
ACT/ 30; 


IF  NOT  ABORT,  CO  TO  NXMAIN 
RESCH1 ;  RETURN  ABORTED 
MSNS  TO  MSN  FILE 
ACFT  TO  NXMAIN 
INITIAL  ACFT  ENTRY 

NXMAIN.  MAIN  BASE  NX 
1.EV4;  AFTER  MX,  GOTO  CONTIN 

NORS  ACFT  CREW  TO  CREW  REST 
NORS  ACFT  TO  DEAD  FILE 

FILE  FOR  OUT-OF-PLAY  ACFT 

AWAIT  ROOM  ON  GROUND 
VFR  APPROACH/ LOG 
WX  IFR 
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.  »  » 


APQ3 

AS  3  A 

TR31 
C0  3Q 

C01A 


AVA!T( 9 > , ATC3 , 

ACT, 12. ; 

FREE i ATC3 ; 

ACT, 5. ; 

ASS ICN , ATR IB ( 34 ) «TNOW- ATP  I B ( 4 ) ; 
ASSIGN, ATRIB(  3  >  »ATR I B <  3 ) ♦ ATRI B( 34 ) ; 
ASSIGN, ATNIB(4)>TN0V, 1; 

EVENT, 17; 

COON, 1 ; 

ACT,  TR I  AG ( 1 0 . , 20  , 30. > , ATRI B( 14) 
ACT, , ATRIBI 14) . EQ . 0 . OR . ATRIB< 14) 


ACT,TR! AG ( 10 
ACT/ 32; 

COON , 1 ; 


,13. ,20. > , ATR I B( 14 ) 


AWAIT  IFR  CLNC 
IFR  APPROACH/LDC 
CLEAR  OF  RUNWAY 
TAXI - IN 
LECTIN 

UPDATE  FLY  TIM  SINCE  HONE 

MISSION  TRACE  -  ARRIVAL 
RE-ENTER  FOR  NEED-RESCUE 
EQ . 8 , G03R;  RESCUE  OFFLOAD 
GE.4.G03V;  NO  LOAD 
EQ.1.G03V;  NON-MHE 

MHE  NEEDED 


EN1 

AL3A 


K3QA 


F3QA 


G03R 

C03V 


ACT/ 33 , ,22(78) . GE . 1 . AND  NNRSC 
ACT/ 34; 

GOON, 1; 

ACT/ 33, ,22(73)  . GT.0,F3QA; 
ACT/31, , , AL3A; 

ENTER , 1 ; 

ACT/ 37; 

ALTER, HOC3/-1; 

ACT/38,10. ; 

COON; 

ACT, , , G03V ; 

ACT,THIAC(10. ,30. ,80. > ; 

ALTER, NOG 3/1, 

TERMINATE ; 

AWAIT(IO) ,K3; 

ACT , USERF (31); 

FREE , X3 ; 

ACT, , , G03V ; 

AWAIT(ll) ,FK3; 

ACT, USERF (32) ; 

FREE , FX3 ; 

ACT, , ,G03V; 

GOON, 

GOON , 1 ; 

ACT, , ATRIBI 18  > . NE . 88 , EV4 ; 

ACT; 


K3).GE  1.K3QA;  USE  K3 

CHECK  FK3 
USE  FK3 
ALL  FK3  DOWN 
CMBT  OFFLDS  FROM  F30A 
ENTERED  BY  CMBT03 
REDUCE  GND  SLOTS  UNTIL 
ACTUAL  OFFLD  CHPLT 
AND  CARGO  DRAGGED 
CLEAR 

TIME  TO  CLEAR 
WHEN  CLEAR,  INCR  HOC 

WAIT  FOR  K-LOADER 
OFFLOAD 

GO  TO  CONTIN 
WAIT  FOR  FKLFT 
OFFLOAD 

GO  TO  CONTIN 

REL  NODE  FOR  RESCUE 

REG  MSN  TO  CONTIN 


RSQ3  EVENT, 13,1; 

ACT,  REKG03R) ,  ATRI  B(  1 1 ) .  EQ  .  1 ,  RSQ3 
ACT , ATR I B ( 1 7 ) , ATR I B < 18 > . IQ . 8 , RST3 
;  BASE  4  ARRIVAL  SUBNET 
APP4  GOON , 1 ; 

ACT/40,, ATRIBI 14) . CE. 4. AND. ATRIB< 
ACT/41; 

HCQ4  AWAIT(IS) ,HOC«; 

APQ4  AWAIT( 18 ) , ATC4 , 1 ; 

ACT/42,7. ,IX(40) .LI. 1.FAP4; 
ACT/43,15. ; 

FAP4  FREE , ATC4 ; 

AS4A  ASSIGN, ATR IB ( 34>aTN0W-ATRIB( 4 ) ; 

ASSIGN, ATRI B( 3>aATRtB(3)*ATRIB(34> ; 


CALL  RESCUE  3 
AWAIT  RESCUE 
FIXTIH 


14) .NE.8.BV4;  AIRDROPS 
TO  CONTIN 

AWAIT  ROOM  ON  GROUND 
AWAIT  IFR  CLNC 
VFR  APPROACH/ LOG 
IFR  APP/LDC 
CLEAR  OF  RUNWAY 
LECTIN 

FLYTIHE  SINCE  HOME 
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TR41 

G04Q 


C04A 


ASS  I  CM , ATR 10(4) sTNOV , 1 ; 

ASS I GN , ATR I B ( 8  > ■ ATR I B ( 8  >  + 1  ; 

EVENT, 17; 

GOON, 1 ; 

ACT, TR I  AG (10,20 . 

ACT,  ,ATRIB<14> .  EQ 
ACT,TR!AG( 10 . , 15 . 

ACT/ 44; 

GOON, 1; 

ACT/45, ,XX<73)  GE.l. AND. NNRSC ( K4 > . CE . 1 , K40A ;  USE  K4 
ACT/4S ; 


,  30 . ) , ATRIB(14> 
0. OR  ATRIB( 14) 
r  20  ) ,ATRIB(14> 


RESET  START/STOP 
UPDATE  MAX  EPF  LOGS 
MISSION  TRACE  -  ARRIVAL 
NEED-RESCUE  REENTER 
EQ . S , G04R;  RESCUE  MSN 
NO  LOAD 
NON-MME 
MHE  NEEDED 


CE. 

EQ. 


4.C04V; 

1.C04V; 


GOON, 1; 

ACT/ 47, , XX  <  74 )  GT.0.F4QA; 
ACT/ 4 I , , , AL4A; 

ENZ  ENTER, Z; 

ACT/41; 

AL4A  ALTER, MOG4 /- 1 ; 

ACT, 10  ; 

GOON; 

ACT, , , G04V ; 

ACT,TRIAG( 10 . .30. ,10. '  ; 
ALTER ,MOG4 / 1 ; 

TERMINATE ; 

K4QA  AWAIT! 17  > , X4 ; 

ACT , USERF (41); 

FREE , X4 ; 

ACT, , ,C04V; 

F4QA  AWAIT!  1$)  .  FJC4  ; 

ACT , USERF ( 42 ) ; 

FREE , PX4 ; 

ACT, , ,G04V ; 

G04R  GOON; 

G04V  GOON, 1 ; 

ACT, , ATR  X  B ( 1 6  >  NE.*9,EV4; 


CHECK  FK4 
USE  FK4 
ALL  FK4  DOWN 
CMBT  OFFLDS  FROM  F4QA 
ENTERED  BY  CMBT04 
REDUCE  GND  SLOTS  UNTIL 
ACTUAL  OFFLD  CMPLT 

and  cargo  dragged 

CLEAR 

TIME  TO  CLEAR 
WHEN  CLEAR,  INCH  HOC 

WAIT  FOR  K-LOADER 
OFFLOAD 

GO  TO  CONTI K 
WAIT  FOR  FKLFT 
OFFLOAD 

CO  TO  CONTIN 
RESCUE  TRIGGER  NODE 

REC  MSN  TO  CONTIN 


ACT; 

R3Q4  EVENT, 15,1;  CALL  RESCUE  4 

ACT, REL ( C04R ) , ATRIB! 1 0 > . EQ . 1 , RSQ4 ;  AWAIT  RESCUE 
ACT , ATR 18(17) , , RST4 ;  FIXT1M 

;  BASE  S  ARRIVAL  SUBNET 
APRS  GOON , 1 ; 


ACT,  ,  ATRIBU4)  .GE.4.  AND .  ATRIB<  14  >  NE.S,EV4;  AIRDROP 


AS  5  A 


TRSl 

COSQ 


ACT, 10. ; 

ASSIGN , ATRI B ( 34 > «TNQV- ATRI B (4 > > 
ASSIGN, ATR 18 (3  > •ATRIB! 3>«ATRIB(34> ; 
ASSIGN, ATRI B<4)«TNOV; 

ASSIGN, ATRIB(I) -ATRIB <•)♦!; 

EVENT, 17; 

COON, 1 ; 


APPROACH/ LOG /TAXI 
LECTIM 

PlTTIH  SINCE  HOME 
RESET  START/ STOP 
UPOATE  MAX  EFF  LDC 
MISSION  TRACE  -  ARRIVAL 


ACT, USERF ( 5 l ) , ATR I 8( 14 ) . NE . f , COSV;  OFFLOAD 


ACT,TRIAC< 10. ,20. ,30.), ATRI 8 ( 14) . EQ . • ;  RESCUE  OFFLOAD 
GOSR  GOON;  RESCUE  TRIGGER  NODE 

GOSV  COON , 1 ; 

ACT, , ATRI 8 ( IS ) . NE . !• , EV4 ;  REG  MSN  TO  CONTIN 


ACT; 
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RSQ3  EVENT, 13,1; 

ACT, REL(COSR) , ATRIBtlS) . EQ  1.RSQ3; 
ACT, ATRI B (17) 

ENDNETVORK ; 

INITIALIZE, 0. ,20180. ; 


, RSTS ; 


CALL  RESCUE  3 
AWAIT  RESCUE 
FIXTIM 


•***••**  DEFAULT  STOP  TIME  IS  T-20180 
DEFAULT  SETTINGS  FOR  CLOBAL  VARIABLES 


XX  <  24  >  >0  ; 


INTLC 

XX(1)>10, 

XX ( 2 ) >  1 3  , 

XX ( 3 ) >3  0 ,  XX ( 4 ) >30  , 

XX 

( 3  >  >0  ; 

INTLC 

XX< 10  ) >8 6 0 

,  XX(11)> 

3,  XX ( 12 ) -3 ,  XX< 1 3 )>1 

0; 

INTLC 

XX ( 20 ) >0 , 

XX  <  2 1 >  >0  , 

XX ( 22 ) >0 ,  XX ( 22 > >0  , 

XX 

(  23  )  >0 

INTLC 

XX ( 28  )  >0  , 

XX  <  3 1 ) - 1 , 

XX ( 3  2 ) >1 ,  XX ( 34 ) >0 , 

XX 

<  33)>0 

INTLC 

XX ( 3  8 ) > 1 , 

XX ( 37) >0 ; 

INTLC 

XX  <41 ) >2 , 

XX ( 42 ) >2 , 

XX ( 43 ) >2 ,  XX  <44 ) >2 , 

XX 

(43 )>2 

INTLC 

XX ( 46 ) >2 , 

XX ( 47 ) >2 , 

XX ( 48  >  >2 ,  XX ( 4  9 ) >2 , 

XX 

( 30  > >2 

INTLC 

XX ( 83 ) >8  , 

XX ( 84 ) >2 , 

XX ( 6  8 ) >  2 ,  XX ( 69) >1; 

INTLC 

XX ( 7 3 ) >4  , 

XX ( 74 ) >2 , 

XX ( 78 ) ■ 1 ,  XX ( 79 ) >0 ; 

INTLC 

XX  <  8 1 ) >2  , 

XX ( 82 ) >2 , 

XX ( 8  3 ) >2  ,  XX ( 84 ) >1 , 

XX 

( 83 ) >1 

INTLC 

XX( 88  >  >6 , 

XX ( 89  )  -3  , 

XX ( 90  >  >2 ; 

INTLC 

XX<  97) >0 , 

XX  (  98 ) >0 , 

XX ( 9  9 ) >0 ;  XX ( 1 00 ) >0  ; 

PRIOR 

ITY , 1 , LVF  <  3 ) 

ss 

ION  FI 

PRIORITY, 2. LVF(5) 

PRIORITY, 3 ,LVF(5) 

PRIORITY, 4,LVF< 3) 

PRIORITY, 5,LVF<3> 

i  *»* t •**•■•••*•  i 

SIMULATE;  BEGIN 
INTLC,  X X ( 1 > > 1 0 , 

INTLC,  XX ( S3 ) >4  , 

INTLC,  XX(78)>2, 

SIMULATE;  BEGIN  2 
INTLC,  EX ( 1 ) >40 ; 

INTLC,  XX(«3)>10, 

INTLC,  XX ( 78 ) >0 , 

SIMULATE;  BEGIN  3 
INTLC,  XX<1)>10, 

INTLC,  XX(S9)>1 , 

INTLC,  XX  ( 84  )  >1 ; 

SIMULATE;  BEGIN  4 
INTLC,  XX ( 1 ) >40 ; 

INTLC,  XX ( 8 3 ) >4 , 

INTLC,  XX(7t)>2, 

SIMULATE;  BEGIN  3 
INTLC,  XX(1)>10, 

INTLC,  XX( 83 )>10 , 

INTLC,  XX(7S)-0, 

SIMULATE;  IECIN  8 
INTLC,  XX< 1 > >4 0 ; 

INTLC,  XX(I3>>4,  XX<  84 ) >3 , 
INTLC,  XX(7I)>2,  XI<7*).1, 
SIMULATE;  BEGIN  7 
INTLC,  XX(1)>10,  XX ( 2)>30; 
INTLC,  XX(«I)>2,  XX (73) >4, 
INTLC,  XX ( 14 ) >0 ; 

SIMULATE;  BEGIN  S 
INTLC,  XX < 1 ) >40 ; 


IATA  RUN  1 

BEGIN  32 

XX  (  2  >  >  1 3  , 

XX ( 10  >  >720 

,  XX ( 3 1 )  i 

XX ( 84) >2 , 

XX ( 8  8 ) -1 , 

XX ( 89 ) >1 

XX ( 79 )al , 

) 

XX ( 8  3 ) >  2 , 

XX ( 84  >  > 1 

XX ( 84 ) >3 

,  XX ( 6  8 ) >2 , 

XX ( 1 9  >  ■ 

XX( 79 ) >0 , 

XX<83 )>1 , 

XX ( 84) >0 

XX  <  2)>50; 

XX ( 7  3  >  > 1  , 

XX ( 74 ) >1 ; 

XX ( 6  4 ) >  2 , 

XX(88)»1, 

XX ( 6  9 ) >  2 

XX ( 79 ) > 1 , 

XX  (  8  3  >  >  2 , 

XX ( 14) >0 

XX  (  2 )  >  1 3  , 

XX ( 1 0 )>990 

i 

XX ( 74) >1 
XX ( 79 ) >0  ; 

< 

PRIORITY 

RANKING  SYSTEM 


DEFAULT  RUN  COMPLETED 
SCREENING  DESIGN 
XX ( 34 ) >2 ; 


XX ( 7 3  )  >4  ,  XX ( 74  >  >2  ; 


XX ( 73  )  >4  ,  XX ( 74 ) >2  ; 


XX ( IS  >  >2  , 

XX ( • 3 ) ■ 1 , 


XX ( 74  )  >1 ; 


XX ( 83  )  >1 , 
XX ( 84) >1; 


XX ( 7 3 ) > 1 ,  XX ( 74 ) >2 ; 
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INTLC,  XX ( 6  3  )  *1 0  ,  XX  <  64 ) *Z ,  XX<6B>-1,  XX<69)*1,  XX<73>*1,  XX<74)*Z; 
INTIC,  XX ( 7  8 ) »0 ,  XX ( 79  )  «0  ,  XX<83>*2,  XX<84>*1; 

SIMULATE ;  BEGIN  6 

INTLC  ,  XX(1>*10,  XX  (  2 )  ■  1 3  .  XX(10>-7Z0,  XX(U)*li 
INTLC,  XX ( 8  3 ) a4  ,  XX(64>-3,  XX<89>*2; 

INTLC.  X  X ( 7  9 ) a  1 ,  XX(83)ai,  ZX(S4>*0; 

SIMULATE ;  BEGIN  10 
INTLC.  XX(l)a40; 

INTLC,  XX(63)alO,  XX(94)-2,  XX(98)a2,  XX(S9)al,  XX(73)a4,  XX(74>*1; 
INTLC,  XX ( 78 ) a2 ,  XX(79)-0,  XX(83)a2,  XX<84>-1; 

SIMULATE;  BEGIN  11 
INTLC,  XX<1)*10,  XX(2)«30; 

INTLC,  XX  <  6  9  >  a2 ,  XX<73>«1,  XX(74)-2; 

INTLC,  XX  <  84 )  a0  ; 

SIMULATE;  BEGIN  12 
INTLC.  XX ( 1 ) *40  ; 

INTLC,  XX< 8 3 )*4 ,  XX<84>»3,  XX(68)al,  XX(69)al,  XX(73)»4,  XX(74)-1; 
INTLC,  XX ( 78 ) *0  ,  XX«79)-1,  XX(83)al,  XX(84)-1; 

SIMULATE;  BEGIN  13 

INTLC,  XX<l)alO,  XX<2)*13,  XX<10)*960; 

INTLC,  XX<83)*10,  XX(74).2; 

INTLC,  XXI 78 ) *2 ,  XX<79)*0; 

SIMULATE;  BEGIN  14 
INTLC,  XX ( 1 ) *40  ; 

INTLC,  XX ( 1 3 )  *4  ,  XX ( 84  >  a2 ,  XX(88)a2,  XX(8l)a2,  XX(73>-1,  XX(74)-1; 
INTLC,  XX ( 78 )*0 ,  XX(79)-1,  XX<83)*2,  XX(84)aO, 

SIMULATE,  BEGIN  13 
INTLC,  XX  (  1 )  al  0  ,  XXCDaSO; 

INTLC,  XX( 8  9 ) . 1 ,  XX ( 73  >  *4  ,  XX<74)-2; 

INTLC,  XX  <  94 ) al ; 

SIMULATE;  BEGIN  18 
INTLC,  XX(l)-40; 

INTLC,  XX(S3>alO,  XX  <  84  >  a  3  ,  XX(88)-1,  XX(89)-2,  XX(73>-1,  XX(74)*1; 
INTLC,  XX ( 78 ) -2 ,  XX(79>»0,  XX(83)-1,  XX<84)-0; 

SIMULATE;  BEGIN  17 

INTLC,  XZ(l>alO,  XX(2)al5,  XX<10)*720,  XX<31>-3,  XX(34>«1; 

INTLC,  XZ(S3)a4,  XX(64)*2,  XX(68)a2,  XX($9)*1,  XX<73>*4,  XX(74)*2; 
INTLC,  XX(79)aO ; 

SIMULATE;  BEGIN  18 
INTLC,  XX( 1 >*40 ; 

INTLC,  XX(83)*10,  IX<8«)a3,  XX( 88  )*1 ,  XX(8I)*2,  XX<73>-1,  IX(74)*1; 
INTLC,  XX ( 78 ) *0 ,  XX(7»)al,  XX(93)*2,  XX<84>*1; 

SIMULATE;  BEGIN  II 
INTLC,  XX<l)alO,  XX < 2>a50; 

INTLC,  XX(8I)*1,  XX < 73 ) .4 ,  XX(74>-2; 

INTLC,  XX ( 14 ) aO  ; 

SIMULATE;  BEGIN  20 
INTLC,  XX ( 1 ) *40 ; 

INTLC,  XX(83)*4,  XX(84>-2,  XX(88)*2,  XX(8I>*2,  XX(73>.1,  XX(74)-1; 
INTLC,  XX(78)*2,  XX<79)«0,  XX(83)-1,  XX(84)«1; 

SIMULATE;  BEGIN  21 

INTLC,  XX(l)alO,  XX(2)*13,  XX(10)*I80; 

INTLC,  XX( 8  3  >*10 ,  XX(74>«2; 

INTLC,  XX(78)*0 ,  XX<79>.1; 
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SIMULATE;  BESIN  2 2 
INTLC,  22(1) *40 ; 

INTLC,  XX ( 8  3  >  a4  ,  XX  <  <4 ) >3 ,  XX(II>«1,  XX(»»).l,  XX(73>-4,  XX(74>«1; 
IMTLC ,  XX  <  78 ) a2 ,  XX ( 7| ) a0  ,  XX(  8  3  )-2,  XX(  84)aO; 

SIMULATE;  BEGIN  23 
INTLC,  XXUialO,  XX  (  2)  a  SO; 

INTLC,  XX<8f )aZ,  XX(73)al,  XX(74)a2; 

INTLC,  XX  <  84 ) al ; 

SIMULATE;  BEGIN  24 
INTLC,  XX  < 1 ) a40 ; 

INTLC.  XX(83)alO,  XX(84)«2,  XX(B8)a2,  XX(88)al,  XX(73)a4,  XX(74)al 
INTLC,  XX ( 78 ) aO ,  XX(7B)al,  XX(83)-1,  XX(84)-0; 

SIMULATE;  BECIN  2S 

INTLC,  XX(l>alO,  XX ( 2 ) a  IS  ,  XX(10)a720,  XX(31>«I; 

INTLC,  XX ( 8 3 ) a4 ,  XX(84)a3,  XX(88)a2; 

INTLC,  XX(78)aO,  XX(83)a2,  XX(84)al; 

SIMULATE;  BEGIN  28 
INTLC,  XX(l)a40; 

INTLC,  XX( 83  >alO ,  XX(84)-2,  XX(88)al,  XX(8S)al,  XX(73)al,  XX(74)a2 
INTLC,  XX<78)«2,  XX(78)-1,  XX(83>-1,  XX(84>-0; 

SIMULATE;  BECIN  27 
INTLC.  IKDalO,  XX  (  2)  aS  0 ; 

INTLC,  XX(88>a2,  XX ( 73 ) a4 ,  XX<74)al; 

INTLC,  XX<84)-1; 

SIMULATE;  BEGIN  28 
INTLC,  XX ( 1 ) «40  ; 

INTLC,  XX(83)-4,  XX(84)a3,  XX<88>-2,  XX(88)-1,  XX(73)al,  XX(74)-2; 
INTLC,  XX(7S)aO,  XX ( 78  >  aO ,  XX(83)-2,  XX(84)-0, 

SIMULATE;  BEGIN  28 

INTLC,  XX ( 1 ) alO  ,  XX(2)al3,  XX(10>a880; 

INTLC,  XX(83)alO,  XX(74)al; 

INTLC,  XX<78)a2,  XX<78)-1; 

SIMULATE;  BEGIN  30 
INTLC,  XX  < 1 ) a40 ; 

INTLC,  XX(63)a4,  XX<84)-2,  XX(88)al,  XX(88)«2,  XX(73)a4,  XX(74)a2; 
INTLC,  XX(78)aO,  XX(78)-0,  XX<83)-1,  XX(84)al; 

SIMULATE;  BEGIN  31 
INTLC,  XX ( 1 ) a 1 0 ,  XX ( 2)aS0; 

INTLC,  XX(St)al,  XX(73)al,  XX(74)al; 

INTLC,  XX(84)aO; 

SIMULATE;  BECIN  32 
INTLC,  XX(l)a40; 

INTLC,  XX(83)alO;  XX(84)a3,  XX(88)-2,  XX(88)«2,  XX<73>-4,  XX(74>-2 
INTLC,  XX(78)a2,  XX(78)al,  XX(83).2,  XX(84)al; 


INDEX  TO  FORTRAN  LISTINGS 


SUBROUTINE  CALLS  AND  LINKAGES  .  143 

REPLACEMENTS  FOR  SLAM  DEFAULT  ROUTINES 

PROGRAM  MAIN  .  143 

SUBROUTINE  EVENT  .  143 

FUNCTION  USERF  .  147 

SUBROUTINE  INTLC  .  134 

CLOCK-RELATED  SUBROUTINES 

CLOCK  .  133 

FK3  .  133 

CMBT3/CMST3A  .  134 

FK4 / CMBT4 / CMBT4A  .  137 

CMBTX  .  134 

MISSION  ENTRY  SUBROUTINES 

STACK  .  134 

REP  .  143 

RESCH  .  16  3 

MSNTIM  .  164 

SCHEDUl INC-RELATED  SUBROUTINES 

SCHED  .  167 

SCHSET  .  173 

DEDHED  .  178 

ETACHK  .  176 

VX  .  161 

VXCHX  .  163 

FTRCHK  .  163 

THREAT  .  165 

GENERAL  NETWORK  FLOW  SUBROUTINES 

MXMAIN  .  146 

RESCUE  .  141 

CONTXN  .  144 

RESTRT  .  300 

ENRTE  .  203 

APPRCH  .  310 

TRACE  SUBROUTINE 

HTRACB  .  313 
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SUBROUTINE  CALLS  AND  LINKAGES: 


SUBROUTINE 

CALLS 

CALLED  BY 

EVENT 

APPRCH 

DEDHED 

RESCH 

EVENT  NODE 

6 

CLOCK 

VX<J> 
THREAT 
CLOCK  CR1 

INTLC 

CLOCK  C  R  3 

7 

CMBT3 

CMBT3A 

FK3 

CMST3A 

CMBT3 

11 

CMBT4 

CMBT4A 

FK4 

CMBT4A 

CKBT4 

1  2 

CMBTX 

EVENT  NODE 

13 

CONTIN 

DEDHED 

RESCH 

EVENT  NODE 

4 

ENRTE 

ETACHK 

VXCHK 

RESCH 

EVENT  NODE 

SCHED 

5 

FK3 

CKBT3 

FK  3  CRI 

INTLC 

FK3  CRJ 

e 

fK4 

FTRCHK 

CMBT4 

FK4  CR3 

INTLC 

FK4  C  R  3 

VXCHK 

ENRTE 

9 

MSNTIM 

STACK 

REP  ( K  > 

RESCH 

RESCUE 

2 

MTHACE < I ) 

EVENT  NODE 
APPRCH 

CONTIN 

ENRTE 

MSNTIM 

RESTRT 

RESCUE 

SCHED 

17  ,  IS 

MXMAIN 

EVENT  NODE 

10 

REP (K ) 

MSNTIM 

REP  <X  >  CR  3 

INTLC 

REP (K  >  C  R  3 

19-23 

RESCH 

MSNTIM 

EVENT  NODE 
APPRCH 

CMBTX 

CONTIN 

ENRTE 

RESCUE 

RESTRT 

14 

RESCUE 

MSNTIM 

RESCH 

EVENT  NODE 

13 

RESTRT 

DEDHED 

RESCH 

EVENT  NODE 

19 

SCHED 

DEDHED 

ETACHK 

8CHSET 

VXCHK 

EVENT  NODE 

3 
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SCHSET 

SCHED 

STACK 

MSNTIM 

INTLC 

STACK  C  R  3 

STACK  CR  3 

THREAT 

CLOCK 

VXCHX 

FTRCHK 

APPRCH 

DEDHED 

ENRTE 

INTLC 

SCHED 

VX<  J> 

CLOCK 

NOTE:  C  R  3  DENOTES  SUBROUTINES  CALL  INC  /  CALLED  BY 
THEMSELVES  (VIA  SLAM  EVENT  CALENDAR) 
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1 


PROGRAM  MAIN ( INPUT , OUTPUT, TAPE 5 » INPUT .TAPE •■OUTPUT) 

DIMENSION  NSET <  11000) 

COMMON IS COM 1 /  ATRI B< 100 ) , DD< 100 > , DDL C 100 > , DTNOV, 1 1 ,HP A, 

MSTOP , NCLNR , NCRDR , NPRNT , NNRUN , NNSET. NTAPE , SS  < 1 00 ) , SSL ( 1 0  0 ) , 
TNEXT.TNOW, XX ( 100 ) 

COMMON / UCOM 1 /  ETELST! ZS > , ZONLST( 15  0), BASLST( ZS ) 

COMMON /UCOM2/  BTALST(ISO) 

COMMON  OSET( 10000) 

DATA  ZONLST/ 1,3*0,1,2,4*0,1,9,10,3*0,1,9,10,8,2*0,1,3,4,3*0, 
2,2,1,3*0,2,5*0,2,10,4*0,2,10,8,3*0,2,9,4,3*0, 

10,  *,1,3*0, 10, 2, 4*0, 10,5*0,10.0. 4*0,10,5,4.3*0, 

B,  10, *,1,2*0, 1, 10, 2, 3*0, 0,10, 4*0, 0,5*0, 0,5, 4, 1*0, 
4, 3, 1,3*0, 4, *,2,3*0, 4, 5, 10, 1*0, 4, 5. *.1*0, 4. 5*0/ 
DATA  ETELST /  0,  50,  80,150,  *0, 

SO,  0,  80,120,150, 

80,  80,  0,  80,120, 

150,120,  80,  0,  *0, 

90,150,120,  90,  0/ 

DATA  BA3L3T/ 1 , 2 , 3 , 4 , 5 , 

2. 3. 4. 1.5, 

3. 2. 4. 1.5, 

4. 3. 2. 1.5, 

5, 1,2, 3, 4/ 

EQUIVALENCE  <NSET( 1 ) ,QSET( 1 ) ) 

MNSETalSOOO 

NCRDR- 5 

NPRNT- I 

NTAPX-7 

CALL  SLAM 

STOP 

END 

SUBROUTINE  EVENT! I J) 

COMMON/ 3COM  1 1  ATRI l( 100 > , 00( 100 ) , DDL (100 ) , DTNOV, 1 1 ,MFA , 

MSTOP .NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NTAPE , SS ( 1 08 ) , SSL  < 1 8  0 ) , 
TNEXT.TNOW, XX< 100 ) 

COMMON/UCOH1 /  A ( 40  > , ETALST( ISO), ETELST ( 25 ) , 70NLST< ISO) , 
BASLST(2S) ,MOCLIT(5> , MSN ETA ( 10) 

GO  TO  (1,2,3,4,5,8,7,8,9,10,11,12,19,14,15,10,17,18, 

1S,20,X1,Z:,Z9),U 

CALL  STACK 
RETURN 
CALL  NSNTIM 
RETURN 
CALL  SCHED 
RETURN 
CALL  CONT1N 
RETURN 
CALL  ENRTS 
RETURN 
CALL  APPRCH 
RETURN 
CALL  CLOCK 
RETURN 
CALL  PX3 
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RETURN 

1 

CALL  FX4 

RETURN 

10 

CALL  REMAIN 
RETURN 

11 

CALL  CMIT3A 
RETURN 

12 

CALL  CHBT4A 
RETURN 

13 

CALL  CHBTE 
RETURN 

14 

CALL  RESCK 
RETURN 

13 

CALL  RESCUE 
RETURN 

14 

CALL  RESTRT 
RETURN 

17 

CALL  HTRACE(l) 
RETURN 

14 

CALL  HTRACE (4 ) 
RETURN 

14 

CALL  REF< 1 ) 
RETURN 

20 

CALL  REP<2) 
RETURN 

21 

CALL  REP(  3 ) 

RETURN 

22 

CALL  REP<4) 
RETURN 

23 

CALL  REP<  5 ) 
RETURN 

E  NO 
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FUNCTION  USERF  <  IJ) 

COMMON /S CONI  /  ATRI B< 100)  .  00(  100  >  ,  DDK  100 1  ,  DTNOtf.  1 1  ,«FA , 

HSTOP , NCLNR , NCRDR , NFRNT , NNRUN , NN8ET , NTAFE , 88  <1 00 ) , SSL ( 1 00 ) , 
TNEXT , TNOV , XX ( 1 0  0 ) 

IF  (IJEOll)  CO  TO  11 
IF  (IJ.Ea.12)  CO  TO  12 
IF  (IJEO. 13)  SO  TO  11 
IF  (IJ  EO  14)  CO  TO  14 
IF  (IJ.Ea.31)  CO  TO  11 
IF  (IJ.EQ.12)  CO  TO  12 
IF  (IJ.EQ. 11)  CO  TO  31 
IF  (IJ.EQ. 34)  CO  TO  34 
IF  (IJ. E0.41)  CO  TO  41 
IF  (IJ.EQ. 42)  CO  TO  42 
IF  (IJ.EQ. 43)  GO  TO  43 
IF  (IJ.EQ. 44)  GO  TO  44 
IF  (IJ.EQ. 51)  CO  TO  51 
IF  (IJ.EQ. 52)  CO  TO  52 
C  MAIN  BASE  OFFLOAD 

11  IF  ( ATR18( 14 ) . EQ . 8 >  USERF-0. 

IF  (ATRIB(14>  EQ. 1)  USERF-TRI AG ( 5 ., 15 ., 25 ., 1 ) 

IF  ( ATRI B( 14 ) . EQ  2  >  USERF-TRI AC (  15 . , 30 . , 45  ., 1 ) 

IF  (ATRIB(14) .EQ. 3)  USERF-TRIAG( 15 . , 30 . , 45 . . 1 > 

IF  ( ATRI B( 14 ) . EQ . 4)  USERF-0. 

IF  ( ATRIB( 14) . EQ -  5)  USERF-TRIAC ( 20, 10. , 40, 1 > 

IF  ( ATR I B ( 1 4 ) . EQ . 0 )  USERF-TRI AC( 20 ., 40 ., 00 ., 1 > 

IF  (ATRIB( 14) . EQ. ?>  USERF-TRIAC( 10 . , 20 . , 30 . , 1 ) 

RETURN 
C  CREV  REST 

12  ATRIB( IS  >«0 
CDAT-ATRIBd  >-ATRIB(  10) 

IF  (ATRIB(IO).CE. 1)  CALL  COLCT( CDAY , 3 ) 

USERF-720-TNOV+ATR1B ( 1) 

IF  (USERF. LEO)  USERF-Q 
RETURN 

C  MAIN  BASE  ONLOAD 

13  IF  (ATRIB(ll) .EQ.O)  USERF-10. 

IF  (ATRIB(13)  EQ. 1)  USERF-TRI AC< 10 ., 20 ., 30 ., 1 ) 

IF  (ATRIB(IS) .EQ. 2)  USERF-TRI AC ( 20. , 30. , 50, 1 ) 

IF  (ATRIB(13) . EQ. 3)  USERF-TRI AC( 10. ,45. ,75, 1) 

IF  (ATRlB(ll)  CE.4)  USERF-TRIACOO  .  ,  00  .  ,  00  .  ,  1 ) 

RETURN 

C  MAIN  BASS  TAX  I -OUT 

14  ATR!B(!4)-TN0V-ATR1B(4> 

ATR I B ( 0 ) -ATR I B ( I ) ♦ ATRI B ( 14  > 

ATR I B ( 7 ) -ATR I B ( 7 ) - ATR I B ( 34 ) 

ATR IB< 4 1 -TNOV 

IF  ( ATRI B( 14 ) .CE.4)  USERF-1S. 

IF  (ATRXBU4)  .IE.  I)  USERF-TRI  AC  (5.  ,  10.  ,  20.  ,  1) 

RETURN 

C  BASE  3  40K  OFFLOAD 

31  IF  (ATRIB( 14) . EQ. 2)  USERF-TRI AC( 10 ., 15 ., 20 ., 1 ) 

IF  (ATRIS(14)  EQ. 3)  USERF-TRI AC ( 10. , 20. , 10. , 1) 

RETURN 
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C  BASE  3  FORKLIFT  OFFLOAD 

32  IF  (ATRIB(14) . EQ. 2>  USERF-TRI  AC  ( 15  .  ,  20  ,  JO  .  ,  1 ) 
IF  (ATRIB(14>  EQ.3)  USERF-TRIAC ( 20 ., 25 ., 40 ., 1 > 
RETURN 

C  BASE  3  40K  ONLOAD 

33  IF  (ATRIB(13) . EQ. 2)  USERF-TRI  AC(  10, 13  .,  20.  ,  1 ) 
IF  (ATRIB(13) . EQ. 3)  USERF-TRIACdS  .  ,  20  .  ,  30  .  ,  1  > 
IF  ( ATR! B( 13 ) . EQ  .  0  )  USERF-TRI AC ( 20, 40. , 00. , 1 ) 
RETURN 

C  BASE  3  FORKLIFT  ONLOAD 

34  IF  < ATR I B ( 13) . EQ . 2 )  USERF-TRI AC (10. , 25, 40. , 1 > 
IF  (ATRIB(13)  EQ.3)  USERF-TRIAC ( 20, 30. , 45, 1 ) 
IF  (ATRIB(13> . EQ. 0)  USERF-TRI AC ( 30 ., SO ., 00 1 > 


RETURN 

C  BASE  4  4 OK  OFFLOAD 

41  IF  (ZXdl)  .NE. 3)  THEN 

IF  ( ATR I B( 14 ) . EQ. 2) 
IF  ( ATR I B < 1 4 )  EQ.3) 
ELSE 

IF  (ATRIB(14) . EQ. 2) 
IF  (ATRIB(14)  EQ. 3) 
END  IF 
RETURN 

C  BASE  4  FORKLIFT  OFFLOAD 

42  IF  (EZdl)  NE.  3)  THEN 

IF  ( ATR I B ( 1 4 )  EQ. 2) 
IF  ( ATR IB(14).EQ.3) 
ELSE 

IF  ( ATR I B ( 1 4 )  EQ. 2) 
IF  <ATRIB< 14) . EQ. 3) 
END  IF 
RETURN 

C  BASE  4  40K  ONLOAD 

43  IF  (XX<  31 )  NE. 3)  THEN 

IF  <ATRIB<13> . EQ. 2) 
IF  (ATRI8(13)  EQ.3) 

ELSE 

IF  (ATRIB( 13) . EQ. 2) 
IF  (ATRIB(13> . EQ. 3) 
END  IF 
RETURN 

C  BASE  4  FORKLIFT  ONLOAD 

44  IF  (ZZdl)  NE.  3)  THEN 

IF  (ATR!B< 13)  EQ. 2) 
IF  (ATRIIdJ)  EQ.  3) 

ELSE 

IF  ( ATR 11(13). EQ. 2) 
IF  (ATRIK13)  EQ.  1) 
ENDIF 
RETURN 

C  BASE  3  OFFLOAD 
51  IF  (ZX( 31)  NX. 3)  THEN 
IF  ( ATR I B ( 143 . EQ . 2 ) 
IF  (ATRIB( 14)  EQ.3) 


USERF-TRI AC (10 . ,13. ,20. ,1) 
USERF-TRIAC( 13,20,30,1) 

USERF-TRI AC (10. ,20. ,35. ,1) 
USSRF-TRIAC(13. ,25. ,40. ,1) 


USERF-TRI AC (10. ,15. ,20. ,1) 
U8ERF>TRIAC(15. ,20. ,30. ,1) 

USERF-TRIACdO.  ,20.  ,35.  ,1) 
USERF-TRI AC (13. ,25. ,40 . ,1) 


USERF-TRIACdO.  ,25.  ,40.  ,1) 
USERF-TRIAC(20. ,30. ,45. .1) 

USERF-TRI AC (20. ,30. ,45. ,1) 
USERF-TRIACdO.  ,45.  ,00  .  ,1  ) 


USERF-TRIACdO.  ,25 . ,40. ,1) 
USERF-TRIACdO.  ,  30.  ,43  .  ,1  ) 

USERF-TRI AC ( 20 . ,30. ,45. ,1) 
USERF-TRIAC (30. ,45. ,00. ,1) 


USERF-TRI AC (15. ,20. ,30. ,1) 
USERF-TRI AC (20. ,30. ,40. ,1) 


140 


IF  ( ATRI B( 14  > .  EQ . 2  >  USERF-TRI AG<  20.  ,23  , 35 .  ,1) 
IF  < ATR18< 14) . EQ. 3)  USERF-TRIAGI 25 . . 33 . . SO . . 1 > 
END  IF 
RETURN 

C  BASE  3  ONLOAD 

32  IF  (XE(S1)  NE. 3)  THEN 

IF  I ATRI B( 1 3  I . EQ . 2)  USERF-TRI AC ( 10 23 40  1 > 

IF  (ATRIB(IS)  EOS)  USERF-TRIAGI 20 30 43 1 > 
ELSE 

IF  IATRIBI13)  EQ. 2)  USERF-TRIAGI 20 . . 30 . , 43 . , 1 ) 
IF  IATRIBI 13) . EQ. 3)  USERF-TRIACI 30 . , 45 . , 40 . , 1 ) 
END  IF 
RETURN 


SUBROUTINE  INTLC 

COMMON/ 3COM 1 /  ATRIBUOO) ,00(100) ,DDL(100) , OTNOV, I t , HFA , 

MSTOF , NCLNR , NCRDR , NPRNT , NNRUN , NN8ET , NTAPE , SB (  1 0 0 ) , SSL ( 1 0 0 )  , 
TNBXT,TNOW, 11(100) 

C0HM0N/UC0M1 /  ETELSTt  23 > , ZONLST( ISO  > , BASLST( IS ) 

REAL  A ( 40 ) 

INTEGER  ETAL ST , Z ON t ST , ETE L ST , B ASLST , HOC LST , MSNETA 
DATA  ZONLST/ 1,5*0,1,2,4*0,1,9,10,3*0,1,9,10,4,2*0,1,3,4,3*0, 
2,2,1,3*0,2,3*0,2,10,4*0,2,10,1,3*0,2,1,4,1*0, 
10,9,1,3*0,10,2,4*0,10,3*0,10,1,4*0,10,9,4,3*0, 

I, 10, 9. 1,2* 0,9, 10. 2, 3*0, 4, 10, 4 *0,0, 5*0, 4, 5, 4, 1*0, 
4, 3. 1,1 *0,4, 9, 2, 3 *0,4, 5,10,3*0 ,4, 5, 9, 3*0, 4, 5*0/ 
DATA  ETE LST/  0 ,  50 ,  90 , 1 5 0  ,  90  , 

50,  0,  90,120,150, 

90,  90,  0,  90,120, 

150,120,  80,  0,  90, 

40,150,120,  90,  0/ 

DATA  BASEST/ 1, 2 , 3,4 , 5, 

2.3.4. 1.5, 

3. 2. 4. 1. 5, 

4. 3. 2. 1.5, 

3, 1,2, 3, 4/ 

C  INITIALIZE  VARIABLES 
DO  2  1-1,40 
A( I ) -0 
ATRIB(I)-0 
2  CONTINUE 

C  BASE  3  RESOURCE  SETUP 
C  HOC 3  (MAI  ACFT  ON  CNO) 

10  CALL  ALTER! 1,-1) 

DO  30  1-1,11(93) 

CALL  ALTER (1,1) 

30  CONTINUE 

C  ATC3  (HA1  ACFT  ON  APPROACH/ DEPARTURE) 

CALL  ALTER ( 2, -1) 

DO  31  I-l,XX(ia) 

CALL  ALTER (2,1) 

31  CONTINUE 

C  K3  (40R  LOADER  SETUP) 

CALL  ALTER! 3,-1) 

DO  32  1-1,11(74) 

CALL  ALTER  (3,1) 

32  CONTINUE 

C  FX3  (FORKLIFT  SETUP:  IF  11(35>-1,  FK3/CHET3/CHBT3A  ENABLED) 

ATR I 8 ( 1 ) ■ 2 
CALL  ALTER! 4.-1) 

DO  34  1-1,11(71) 

CALL  ALTER (4,1) 

IF  (11(35)10.1)  CALL  SCMOL (1,0. , ATR IB) 

34  CONTINUE 

C  BASE  4  SETUP  (IDENTICAL  TO  BASE  3) 

C  HOC 4  (NAS  ACFT  ON  CNO) 

CALL  ALTER (5,-1) 

DO  40  1-1,11(94) 
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CALL  ALTER!  3,1) 

40  CONTINUE 

C  ATC4  (MAX  ACFT  ON  APPROACH / DEPARTURE > 

CALL  ALTER! 0 , - i) 

DO  41  Ial,XX!89) 

CALL  ALTER! 0,1) 

41  CONTINUE 

C  K4  ! 40K  LOADER  SETUP) 

CALL  ALTER! 7 , -1 > 

DO  42  I  a  1 , XX ! 79  ) 

CALL  ALTER  !7,1) 

42  CONTINUE 

C  FX4  ! FORKLIFT  SETUP:  IF  XX!3S)al,  FK4 / CHBT4 / CNST4A  ENABLED) 

ATR I B  < 1 ) ■ 2 
CALL  ALTER! 8,-1) 

DO  44  Ial , XX ! 74 ) 

CALL  ALTER! 8,1) 

IF  !XZ!3S).EQ.1>  CALL  SCHDL ! 9 , 0 . , ATRI B> 

44  CONTINUE 

C  TIME-OF-DAY  CLOCK  SETUP 
ATRIB! 1 ) *0 

CALL  SCHDL ! 7 , 0 . , ATRIB) 

IF  ! XX ! 26 ) . CE . 24 )  XX !  26 ) aXX ! 26 ) - 24 
XX  <  29  )  aXZ ! 28  > 

C  DAY-NICHT  CLOCK  SETUP  ISPECIFY  HOURS  OF  DAYLIGHT  DEP  ON  SEASON) 
IF  (XX! 31 ) . EQ . 1 >  XX ! 26 ) >20 
IF  !XX!31)  EQ. 2.0R.XX131) .BQ.4)  XX!29)-14 
IF  !XX! 311 . EQ. 3)  XX(26)>9 
C  AIRCRAFT  GENERATOR 
ATRIB! l)-0 
ATR I B  <  2  > ■ 1 
ATRIB! •)■! 

ATRIB! 10  >a0 
ATRIB! 12)al 
ATRIB!13)al 
ATRIB! 16) *1 
DO  31  I— 1,XX!1> 

CALL  ENTERfS, ATRIB) 

ATR I B ! I ) a ATR I B 1 9  >  a  1 

31  CONTINUE 

C  CREV  GENERATOR 

DO  32  I>1,XX!2) 

CALL  FILEH!7, ATRIB) 

32  CONTINUE 
C  WEATHER  SETUP 

IF  !XZ! 34)  EQ. 1)  THEN 
DO  S3  la41,30 
XX ! I ) a 1 

33  CONTINUE 
END  IF 

C  INITIALIZE  RUN  TERMINATION  VARIABLES 
DO  34  Xa2t,23 
IX!K)aO 

54  CONTINUE 
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C  CALL  MISSION  ENTRY  SUBROUTINES 
CALL  SCHDLI 19,0. , ATRIB) 
CALL  SCHDK 20,0. , ATRIB) 
CALL  SCHDLCZl.O.  ,  ATRIB) 
CALL  SCHDL< 22,0. , ATRIB) 
CALL  SCHOL(23,0. , ATRIB) 
CALL  SCHDL (1,0. .ATRIB) 
RETURN 
END 


i 


t 
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SUBROUTINE  CLOCK 

C  THE  CLOCX  KEEPS  “REAL  TINE"  BASED  ON  THE  START  TINE  ENTERED 
C  BY  THE  USER  (DEFAULT  -  MIDNIGHT).  GIVEN  A  START  TIME,  THE 
C  CLOCK  INCREMENTS  EVERY  HOUR  AND  RETURNS  THE  TVO-DICIT  HOUR 
C  IN  XX <  2S ) .  THE  CLOCX  XEEPS  TRACX  OF  CALENDAR  DAYS 
C  FROM  START  OF  SIMULATION  (START  OF  SIMULATION  IS  DAY  1, 

C  AND  8ECOHES  DAY  2  AT  THE  NEXT  MIDNIGHT,  ETC.)  AND  RETURNS 
C  THE  VALUE  IN  XX(30>  THE  CLOCK  ALSO  KEEPS  TRACK  OF  DAYTIME 
C  AND  NIGHTTIME,  BASED  ON  THE  SEASON;  DAY/NIGHT  IS  RETURNED  IN 
C  XX ( 27 ) . 

C  IF  THE  VARI ABLE-VEATHER  SWITCH  IS  SET,  THE  CLOCK  CALLS 

C  THE  WEATHER  MARKOV  SUBROUTINE  EVERY  SIX  HOURS  BEGINNING  AT 
C  0300  EACH  MIDNIGHT,  THE  CLOCX  ALSO  CALLS  FOR  A  THREAT 
C  UPDATE  FOR  THE  NEXT  24  HOURS.  WEATHER  AND  THREAT  VALUES 
C  RETURNED  FOR  EACH  20NE  IN  XX(41>  THROUGH  XX(IO). 

COMMON/ SCOM1/  ATRIBOOO ) ,  DDU00 ) ,  DDL<  100 )  ,DTNOW,  1 1  ,MFA, 
MSTOP , NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NTAPE . SB  < 1 0  0 ) , 

SSL ( 100 ) ,TNEXT ,TNOW, XX ( 10  0 ) 

INTEGER  TDAY , DAY , DAYTIM 
EQUIVALENCE  (XX ( 21 ) ,TDAY) 

EQUIVALENCE  ( X X ( 27) , DAYTIM) 

EQUIVALENCE  (XX(30),DAY) 

NIGHTs 24 -XX (28 ) 

C  IF  NOT  CALLED  BY  INTLC,  INCR  TDAY  BY  ONE  HOUR,  CHECK  FOR 
C  PAST  MIDNIGHT;  UPDATE  THREAT  AT  MIDNIGHT  IF  SWITCH  SET 
IF  (ATRIB(l) . EQ .1 )  THEN 
TDAY-TDAY+1 
rF  (TDAY. GE  24)  TOAYaO 
IF  (TDAY.EQ.0)  THEN 
DAY-OAY+1 

IF  (XX(37) .EQ. 2>  CALL  THREAT 
END  IF 

C  IF  SWITCH  SET,  CALL  WX  UPDATES  AT  3 ,  0,  15,  AND  21 
IF  ( XX ( 34) . EQ. 2)  THEN 

IF  (TDAY. 80. 3. OR. TDAY. EQ . S . OR. 

TDAY.EQ. 15.OR.TDAY. EQ.21 >  THEN 
DO  10  Ial,10 
CALL  WX(I> 

10  CONTINUE 

END  IF 
END  IF 
END  IF 

C  INITIAL  CALL  (ATRIB(l)-O) 

IF  (ATRIB(l) . EQ. 0)  THEN 
DAYal 

IF  (XX( 37) . EQ. 2)  CALL  THREAT 
ATR I B ( 1 ) ■ 1 
END  IF 

C  UPDATE  DAY/NIGHT  FLAG  IF  SWITCH  SET 
IF  ( XX ( 32 ) .IQ. 1)  THEN 
8UNRI SEaNIGHT/ 2 
SUNSETa 24-NIGHT/ 2 

IF  (TDAY. GE. SUNRISE. AND. TDAY. LE. SUNSET)  THEN 
OAYTIMal 
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ELSE 

DAYTIH-0 
END  IF 
ENDIF 

CALL  SCHDL (7,80. , ATRIB) 

IF  XX( 90 ) . GE . 1 )  PRINT  1000,  TNOV, DAY ,TDAY , DATTIN 
RETURN 

1000  FORMAT  <1X,F7.1,*  DAY  '.ll,'.  HOUR  Ml,':  DAY/NIGHTa  Mil) 
C1234S .7  DAY  12,  HOUR  23:  DAY/NIGHTal 
END 


I 


i 


1 

i 

i 

! 


♦ 
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C  MASTER  CLOCX  FOR  RASE  3  FORKLIFTS  --  EACH  MACHINE  VP  FOR  AVC 
C  OF  18  HRS.  DOWN  AVG  4  HRS  TO  REPAIR.  ZZ(73)  IS  USER-SET  FX) 

C  LEVEL;  INTLC  GENERATES  CORRECT  NO.  OF  FKLIFTS  AND  REDUCES 
C  CAPACITY  TO  ZERO  (PGM  BEGINS  WITH  DEFAULT  OF  AT  LEAST  ONE 
C  FOR  EACH  RESOURCE).  AS  EACH  FKLIFT  ENTERS  SYSTEM,  FK3 
C  CAPACITY  IS  INCREASED  BY  ONE  TO  GIVE  PROPER  LEVEL.  WHEN 
C  MACHINE  FAILS.  FK3  LEVEL  IS  DECREASED  BY  ONE.  WHEN  REPAIRS 
C  ARE  COMPLETE,  FK3  LEVEL  IS  AGAIN  INCREASED.  ZZ<73)  CHANCES 
C  WHENEVER  FK3  LEVEL  CHANGES  AND  REFLECTS  CURRENT  NUMBER  OF 
C  FX3  IN  SERVICE.  (INITIAL  ENTRIES  INTO  SYSTEM  DO  NOT  CHANCE 
C  ZZ ( 7 3 )  --  IF  ZZ(73)  WERE  SET  TO  ZERO  AFTER  GENERATION.  TIME- 
C  PERSISTENT  STATS  ON  ZZ(73)  WOULD  REFLECT  A  FALSE  ZERO  LEVEL, 

C  WHICH  WOULD  REFLECT  IN  'MINIMUM  VALUE'  COLUMN  OF  OUTPUT.) 

C  Al-0  FOR  FORKLIFT  GOINC  OUT  OF  COMMISSION, 

C  Al«l  FOR  FORKLIFT  FINISHING  REPAIRS 

C  AI»Z  FOR  INITIAL  ENTRIES  (TO  PREVENT  CHANCING  ZZ(73)> 
SUBROUTINE  FX3 

COMMON /SCOM1/  ATR I B ( 100 > , DD( 100 ) , DDL ( 100 ) , DTNOW, 1 1 ,HFA , 
MSTOP , NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NTAPE , SS ( 1 0 0 ) , 

SSL ( 100 ) ,TNEZT,TNOW, ZZ ( 100 ) 

C  IF  FLAG  SET,  FIZ  RESOURCES  AT  INITIAL  LEVEL  (BYPASS  CLOCX  — 

C  IF  NOT  TRIGGERED  INITIALLY,  WILL  NOT  BE  RESCHEDULED) 

IF  (XZ( 3 3 > . EQ . 0 )  RETURN 
C  COMING-INTO-SERVICE  SECTION  (Al-1  OR  Z> 

IF  (ATRIB(l)  NE.0)  THEN 
TSVC-RNORH(10S0. ,120. ,1) 

IF  (ATRIB(l)  EQ. 1)  ZZ( 73 ) -ZZ (73 ) ♦! 

IF  ( ATR I B ( 1 ) . EQ . 1 )  CALL  ALTER (4 , 1 ) 

ATRIB( 1 ) -0 

CALL  SCHDl ( 8 , TSVC , ATRIB ) 

RETURN 
END  IF 

C  GO INC -OUT- OF -COMM I  85 1  ON  SECTION  (Al-0);  (ENABLE  COMBAT  OFFLOAD 
C  IF  ALL  FORKLIFTS  ARE  OUT  OF  SERVICE) 

ZX(73).ZZ(73)-1 
CALL  ALTER (4,-1) 

IF  (ZZ(73>  EQ. 0)  CALL  CMBT3 
TFIZ-RNORM(240. ,80. ,1) 

ATR  I B  ( 1 )  ■  1 

CALL  SCHDl(8,TFIX, ATRIB) 

RETURN 

END 
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C  COMBAT  OFFLOAD  ENABLE  —  IF  ALL  FORKLIFTS  BREAK.  ALL  ACFT 
C  AWAITING  FKLFT  FOR  OFFLOAD  START  COMBAT  OFFLOAD  (UNLOAD  CARGO 
C  ON  RAMP  AND  DEPART) .  RAMP  SPACE  IS  THEN  BLOCXED  UNTIL  CARGO 
C  CAN  BE  DRACCED  AWAY  BY  TRUCKS,  ETC.  —  WHILE  RAMP  IS  BLOCKED. 

C  HOC  IS  DECREASED  ACCORDINGLY  TO  PREVENT  MORE  ACFT  LANDING. 

C  SUBSEQUENT  AIRCRAFT  WILL  AUTOMATICALLY  USE  COMBAT  OFFLOAD 
C  AS  LONG  AS  XX(73)aO.  ACFT  AWAITING  FKLFT  FOR  ONLOAD  ARE 
C  HELD  FOR  MAX  OF  2  HRS,  THEN  RELEASED  IF  AT  LEAST  ONE  FKLFT 
C  HAS  NOT  RETURNED  TO  COMMISSION.  INBOUND  MISSIONS  ARE  NOT 
C  DIVERTED. 

SUBROUTINE  CMBT3 

COMMON/ 3COM I /  ATRI B( 100) , DD< 1 00 ) , DDL ( 100  > , DTNOV, II ,HFA, 

MSTOP .NCLNR , NCRDR, NPRNT , NNRUN , UNSET, NTAPE , S3 ( 1 0 1 ) , SSL (1 0  0 ) , 
TNEXT.TNOW, XX< 100 ) 

INQllaNNQOl  > 

IN013-MN0U3) 

IF  < INQ11 . GE . 1)  THEN 
DO  30  I ■ 1 , I NO I I 

CALL  RMOVE( 1.11, ATRI B> 

CALL  ENTER! 31, ATRI B> 

30  CONTINUE 

END  IF 

C  ALLOW  AIRCRAFT  IN  FORKLIFT  ONLOAD  OUEUE  TWO  HOURS  TO  SEE  IF 
C  A  FORKLIFT  RETURNS  TO  SERVICE.  CALL  CMBT3A  IN  2  HOURS  — 

C  IF  A  FORKLIFT  IS  BACK  IN  SERVICE  OR  IF  NO  ACFT  ARE  IN  THE 
C  ONLOAD  QUEUE,  NO  ACTION  WILL  BE  TAKEN.  IF  ACFT  ARE  IN  THE 
C  ONLOAD  QUEUE  AND  NO  FORKLIFTS  HAVE  RETURNED  TO  SERVICE, 

C  CMBT3A  WILL  RE-ENTER  AFFECTED  ACFT  IN  ONLOAD  NET  SUCH  THAT 
C  THEY  WILL  FIRST  TRY  TO  SEIZE  A  K-LOADER  BEFORE  BEING  ROUTED 
C  TO  CNBTX.  WHICH  WILL  ABORT  THE  MISSION. 

CALL  3CHDL( 11,120. , ATRIB ) 

IF  <XX<00>  GE. 1)  PRINT  300.TNOW, INQU , INQ13 
RETURN 

300  FORMAT  (1X.F7.1,*  COMBAT  OFFLOAD  3:  OFFLOAD  QUEUE  a  ',12, 

«  '  ONLOAD  QUEUE  a  *,I2> 

END 

SUBROUTINE  CMBT3A 

COMMON /8C0H1 /  ATRI B< 100) ,DD< 100) , DDK  100) , DTNOV, II ,HFA, 

MSTOP , NCLNR . NCRDR , NPRNT , NNRUN , NNSET , NTAPE , SS ( 1 0  0 ) , SSL ( 1 0  0 ) , 
TNEXT.TNOW, XX(100> 

INQaNNQI 13) 

IF  (INQ.EQ.O  OR.XX<73>  GE. 1)  GO  TO  300 
DO  10  I  a 1 , 1NQ 

CALL  RNOVE  <1,13, ATRIB) 

CALL  ENTER  (3, ATRIB) 

10  CONTINUE 
300  RETURN 
END 


ISO 


C  FK3  SEQUENCE  IS  DUPLICATED  FOR  BASE  4  BY  FK4 / CMBT4 / CM8T4 A 
SUBROUTINE  FK4 

COmON/SCOMl/  ATR  !B(100>  ,  DD  ( 1 0  0  >  ,  DDL  ( 1 0  0  )  ,  DTNOV ,  1 1 ,  HF  A . 

NSTOP , NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NTAPE , SS ( 1 0 0 ) . SSL ( 1 00  > . 
TNEXT, TNOV, XX ( 100 ) 

IF  <  XX( 33 )  EO  O )  RETURN 
IF  (ATRIB(l)  NE.O)  THEN 
TSVC-EXPON(1080. , 1 ) 

IF  (ATRIB(l)  EO. 1)  XX(74)-XX(74)U 
IF  (ATRIB(l)  .  EQ.  1)  CALL  ALTER(8,1> 

ATRIB( 1 >  *0 

CALL  SCHDL < I , TSVC .ATR I B> 

RETURN 
END  IF 

XX ( 74  )aXX (74 >-l 
CALL  ALTER(8,-1) 

IF  (XX(74) . EQ. 0)  CALL  CNBT4 
TFIX-EXPON(  480 .  ,  1) 

ATRIBU)-! 

CALL  SCHDL  ( 8 , TF I X , ATR I B  > 

RETURN 

END 

SUBROUTINE  CH8T4 

COHHON/SCOMI  /  ATRI 8UOO  >  ,  DDU 00 >  ,  DDL  ( 100 ) ,  DTNOV,  1 1  ,NFA , 

NSTOP , NCLNR , NCRDR , NPRNT , NNRUN .NNSET , NTAPE , SS ( 1 0  0 ) , SSL  U  0  0 ) . 
TNEXT, TNOV, XX < 100 ) 

INQ28-NNQU8) 

INQZO-NNQ ( tO ) 

IF  UN018.GE.  1>  THEN 
DO  30  I-I.INQ18 

CALL  RNO VE (1.18, ATR I B  > 

CALL  ENTE R ( Z , ATR IB) 

30  CONTINUE 

END  IF 

CALL  SCHDL  UZ.1ZQ.  ,  ATRIB) 

IF  (11(88)  CE. I)  PRINT  300, TNOV, INQ18 , INQZI 
RETURN 

300  FORNAT  (18,87.1,  •  CONBAT  OFFLOAD  4:  OFFLOAD  QUEUE  -  ',IZ, 

*  '  ONLOAD  OUEUE  -  MI) 

END 

SUBROUTINE  CNBT4A 

COMMON /S COM 1 /  ATR I B( 100 ) , DD( 100 ) , DDL ( 100 ) .DTNOV, 1 1 ,HFA, 

NSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(IOO) ,SSL<100) , 
TNEXT, TNOV, XX U 00) 

INQ-NNO(ZO) 

IF  (1NQ.EQ.O.OR.XX(74).CE.1>  CO  TO  300 
DO  10  I-l.INQ 

CALL  RNOVE  (1,Z0, ATRIB) 

CALL  ENTER  (4, ATR IB) 

10  CONTINUE 
300  RETURN 
END 
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SUBROUTINE  CMBTX 

C  CALLED  WHEN  AC FT  AWAITING  FORKLIFT  FOR  ONLOAD  AT  BASE  1  OR  4 
C  CANNOT  SECURE  EITHER  FORKLIFT  OR  K-LOADER  FOR  ONLOAD  FOR  FHC 
C  AND  PNC  AIRCRAFT.  SCHEDULED  MISSIONS  ARE  RE. ENTERED  IN  THE 
C  MISSION  FILE  AND  AIRCRAFT  ARE  ROUTED  BACK  TO  THE  SCHEDULER 
C  FOR  POSSIBLE  RE-SCHEDULING  FOR  A  MISSION  NOT  REQUIRING  HKE . 

C  FOR  AIRCRAFT  ALREADY  IN  ABORT  STATUS  (SHUTDOWN  ABORT  WITH  A 
C  KOMEBOUND  LOAD).  ONBOARD  MISSIONS  ARE  RE-ENTERED  IN  THE 
C  MISSION  FILE  AND  AIRCRAFT  ARE  ROUTED  DIRECTLT  TO  RESTART 
C  EVENT  FOR  RETURN  (EMPTY)  TO  HOME  BASE,  WITH  ABORT  STATUS  2 . 
COMMON / SCOM1 /  ATR!B( 100) ,DD( 100) , DDL( 100) , DTNOW, II.MFA, 
MSTOP .NCLNR .NCRDR , NPRNT , NNRUN .NNSET .NTAFE . 88(100) , 

SSL ( 100 ) iTNEET.TNOW, XX ( 100 ) 

NACFTaATRIB(l) 

LOC-ATRIBUZ) 

MSN-ATRI B( 37) 

IF  (XX(IS).GE.l)  PRINT  *,•  CMBTX  AT  ■.LOC,1  —  MSN-’, 

MSN,*  ACFTt  ' , NACFT 

C  SHIFT  MISSION  ATRIBS  FOR  RE-ENTRY  INTO  MISSION  FILE  BY  RESCH 
DO  10  K-32, 23,-1 

ATRIB(K)«ATRIB(K-3) 

10  CONTINUE 

ATR I B ( 2  0 ) ■ ATR 18(12) 

ATRIB( 21 ) aATRIB( 13) 

ATRIB ( 22 ) aATRI B( 14 ) 

ATRIB( 23)aATRI»( IS) 

CALL  RESCH 
ATRIB< 13) *0 
ATRIB(14)aO 
ATR IB ( 13) -LOC 
ATRIB ( IS ) aO 

IF  (ITRll(I) . EQ. 3 )  THEN 

ATRIB(37)«70000*LOC*1000+XX(30)*100+XX(2S) 

ATRIB ( 11 )a2 
ATRIBdO  >-l 
ATRIB ( 13 ) *1 
ATRIB(20)-1 
RETURN 
END  IF 
RETURN 
END 


131 


uuuuuouuuouuu 


C  STACK  IS  THE  MAIN  MISSION  ENTRY  ROUTINE.  WHEN  CALLED. 
C  IT  WILL  MAKE  ONE  PASS  THROUGH  EXTERNAL  PILE  HSTACK 
C  AND  ENTER  ALL  MISSIONS  WITH  READY  TIMES  EQUAL  TO 
C  TNOV  INTO  MSNTIM.  WHICH  IN  TURN  WILL  FILE  THE 
C  MISSIONS  IN  THE  PROPER  MISSION  PILES.  WHEN  MAKING 
C  THE  ENTRY  PASS.  THE  TIME  FOR  THE  NEST  PASS  IS  POUND 
C  AND  STACK  IS  SCHEDULED  FOR  THAT  TIME.  IF  NO  MORE 
C  ENTRIES  (TNEXT-B888B)  THE  ROUTINE  WILL  PRINT  AN 
C  INFORMATION  MESSAGE. 

C 

C  ENTRIES  FOR  3TACK  MUST  BE  IN  FILE  NAME  "HSTACK” 

C  (SEE  EXAMPLE  LISTING  IN  APPENDIX  C> .  STACX  USES  A 
C  COMPRESSED  ENTRY  FORMAT  TO  SAVE  SPACE  IN  THE  EXTERNAL 
C  FILE.  STACK  WILL  CONVERT  THIS  FORMAT  INTO  THE  MISSION 
C  ENTITY  ATTRIBUTE  FORMAT  LISTED  IN  TABLE  III.  (FOR  REP 
C  ENTRIES,  SET  MISSION  ATTRIBUTES  DIRECTLY  USINC  THE 
C  TABLE  III  FORMAT.)  MSTACX  CAN  HAVE  A  MAXIMUM  OF  300 
C  MISSIONS 
C 

C  MSTACK  FORMAT: 

C 

C  1  -  READY  TIME  (IN  MINUTES  FROM  SIMULATION  START) 

C  Z  -  TYPE  ACFT  REQUIRED  (FHC  OR  PMC  -  1  OR  Z) 

C  3  -  MISSION  NO.  ( 5-DIGIT  INTEGER  10000  TO  SB »**) 

C  4  -  MISSION  RISK  LEVEL  (0.  1,  OR  II 

C  5  -  MISSION  PRIORITY  <1  HIGHEST,  IBB  LOWEST) 

C  B  -  ORIGINATING  BASE 

C  7  -  FIRST  LEG  ONLOAD  TYPE 

C  8  -  FIRST  LEG  OFFLOAD  TYPE 

C  »  -  FIRST  DESTINATION  BASE 

C  10  -  SECOND  LSC  ONLOAD  TYPE 

C  11  -  SECOND  LEG  OFFLOAD  TYPE 

C  12  -  SECOND  DESTINATION  BASE 

C  13-15  -  THIRD  LEG  DATA 
C  18-10  -  FOURTH  LEG  DATA 
C 

UNUSED  DATA  SLOTS  MUST  BE  FILLED  WITH  ZEROS.  EXAMPLE 
2343  1  4S003  21  1223  224  000  000 

BASE  CODES  (LOCATIONS  LISTED  WERE  USED  FOR  THESIS): 

1  -  HOME  BASE  ( ANCHORAGE /ELHENDORF) 

2  -  MAIN  BASE  (FAIRBANKS/VAINVRICHT/EIELSON) 

3  -  FORWARD  FIGHTER  ALERT  BASE  (GALENA) 

4  -  FORWARD  AIRHEAD  (GRANITE  MOUNTAIN) 

5  -  GCI  SITE  (CAPE  NEVENHAM) 

LOAD  TYPE  CODES: 

C 

C  0  -  NO  LOAD 

C  1  -  NON-MHE  (PERSONNEL  AND/OR  ROLLING  STOCK) 

C  2  -  HHE  (3  OR  FEVER  PALLETS) 

C  I  -  MHE  (4  OR  MORE  PALLETS) 

C  4  -  (NOT  USED) 


C  5  -  PERSONNEL  AIRDROP  (MON-MHE ) 

C  I  -  CARCO  AIRDROP  (HHB  NEEDED) 

C 

C  IMPORTANT.  DO  NOT  ENTER  MISSIONS  VITK  BASE  OR  LOAD 
C  CODES  OTHER  THAN  THOSE  LISTED  ABOVE  OR  THE  MODEL 
C  WILL  NOT  EXECUTE  PROPERLY. 

C 

C  THE  MODEL  ALSO  USES  THESE  INTERNAL  LOAD  CODES  (NOT  POR 
C  MISSION-ENTRY  USE) : 

C 

C  7  -  COMPLETED  AIRDROP  RETURN  TO  HOME  BASE 
C  8  -  “RESCUE"  MISSION  MAINTENANCE  PACKAGE 
C 
C 

SUBROUTINE  STACK 

COHHON/SCOH1 /  ATRIB( 100 > , DDC 100 > , DDL ( 100 > ,DTNOW, 1 1 ,MFA, 
MSTOP , NCLNR , NCRDR , NPRNT , NNRUN . NNSET , NTAPE , SS (1 0 0 ) , 
SSL ( 100 ) , THE XT , TNOV , XX ( 1 0 0  > 

REAL  A(40),T,TNZT 

INTEGER  ETALST , ZONLST, ETEL3T , BASEST, MOCLST.HSNETA, B( 18  > 
C  INITIALIZE  ATRIB  ARRAYS  (A-STD  FORMAT,  B.MSTACK  FORMAT) 

DO  10  1.1,00 
A< I)*0 

10  CONTINUE 

DO  11  1.1,18 
B( I >.0 

11  CONTINUE 

C  OPEN  HSTACK  rOR  INPUT 

OPEN  (30, ERR-800, FILE. 'STACK' , ACCESS- ' SEQUENTIAL ' ) 
REWIND  30 
TNZT.OBOOO 
DO  100  1.1,300 

READ  (30, », ERR. 801, END-200)  <B( J> , J.l , 18) 

T.B(l) 

IF  (T.LT.O)  T.O 

C  ENTER  MISSION  IF  READY  (CONVERT  “B“  TO  “A”) 

IF  (T.EQ.TNOW)  THEN 
DO  20  M.1,3 
A(M).8(M> 

20  CONTINUE 

DO  30  K.0,18 
A(K*1«).B(K) 

30  CONTINUE 

CALL  SCHDL (2,0. ,A) 

XX(Z2)-XX(22>*1 
END  IF 

C  CHECK  FOR  NEXT  MISSION  ENTRY  TIME 

IF  (T.GT.TNOW. AND  T. LT.TNXT)  TNET-T 
100  CONTINUE 
200  CLOSE (30) 

C  IF  NO  MORE  MISSIONS,  PRINT  MSG,  ENABLE  RUN  TERMINATION  NET; 
IF  (TNXT.EQ. 08008)  THEN 

PRINT  «,*  STACK  EEKAUSTED  AT  T-'.TNOV 

XX ( Zl)-1 

RETURN 

100 


I 


END  IF 

C  IF  MORE  MISSIONS,  RESCHEDULE  AT  TNXT 
TSCHD.TNXT-TNOV 
CALL  SCHDLIl  ,TSCHD,  ATRIB) 

RETURN 

C  ERROR  HES3ACE 

900  PRINT  *,*  STACX  ENTRY  ERROR  AT  * ,TNOV 

901  PRINT  STACX  READ  ERROR  AT  '.TNOV 
RETURN 

END 


h 
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SUBROUTINE  REP(K) 

C  REP  IS  A  REPETITIVE  INPUT  ROUTINE  FOR  ENTERING  A  NUMBER 
C  OF  MISSIONS  WITH  THE  SAME  ATTRIBUTES  AT  ONCE  OR  OVER 
C  A  PERIOO  OF  TIME  IT  IS  VERY  USEFUL  FOR  TESTING 
C  PURPOSES.  CONSTRUCTION  OF  VARIOUS  REP  ROUTINES  IS 
C  LEFT  TO  THE  USER  AS  REQUIRED . 

COMMON /S CONI /  ATRI B(100> ,DD(100> , DDL (100) .DTNOV, 1 1 , MFA , 

MSTOP ,NCLNR , NCRDR ,NPRNT , NNRUN.NNSET , NTAPE , S8 ( 1 00 ) , SSL ( 100 ) , 
TNE2T.TNOV, 2X ( 100 ) 

GO  TO  (1,2, 3, 4, 3), 2 

C  REP ( 1 )  ENTERS  3  NORMAL  RESUPPL?  MISSIONS  EACH  •  HOURS  (ONE  EACH 
C  TO  BASES  2 ,  3,  AND  5 ) .  REP(l)  INPUT  STOPS  AS  SOON  AS  STACK  IS 
C  EEHAUSTED . 

1  IF  (EE(21)  BO. 0)  THEN 
CALL  SCHDL (10,400. , ATR IB) 

DO  11  K-1,40 

ATRIB(K)-0 
1 1  CONTINUE 

ATR I B ( 1 ) -TNOV 
ATR 1 B  (  2 )  -  2 

ATRI B( 3 >-12000*28 (30) *100+22 (20) 

ATR  I B  (  4 )  ■  0 

ATR I B ( 3 ) ■ 1 

ATR IB ( 20) -1 

ATRI B ( 21 ) -3 

ATRI1<22>«3 

ATRI B( 23) -2 

CALL  SCHDL ( 2,0. ,ATRIB) 

ATRIB ( 3 ) -ATRIB<  3 )  +  1000 
ATR IB(23)-3 

CALL  SCHDL ( 2,0. , ATRIB) 

ATRIB(3)-ATRIB( 3 >+2000 

ATRIB( 2) -1 

ATR I B ( 3 ) ■ S 

ATR IB(21>«2 

ATRIB( 22) -2 

ATRIB (23) -3 

CALL  SCHDL (2,0. .ATRIB) 

22(22>-22(22>+3 

END  IF 

RETURN 

2  RETURN 

3  RETURN 

4  RETURN 

5  RETURN 
IMD 
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SUBROUTINE  RESCH 

C  VHEN  AN  AIRCRAFT  CANNOT  CONTINUE  ITS  SCHEDULED  MISSION, 

C  A  CONTINUATION  MISSION  MUST  BE  CREATED.  IF  THE  MISSION 
C  HAS  NOT  YET  BEEN  PICKED  UP  < AIRCRAFT  ON  POSITION  LEO 
C  THE  MISSION  IS  IMMEDIATELY  REENTERED  IN  THE  APPROPRIATE 
C  MISSION  FILE  IF  AN  AIRCRAFT  WITH  A  LOAD  ABORTS,  ITS 
C  FUTURE  MISSION  DATA  SLOTS  (A20-A32)  ARE  SET  UP  TO  BECOME 
C  THE  CONTINUATION  MISSION  ON  RETURN  TO  HOME  BASE.  IF  AN 
C  AIRCRAFT  IS  GROUNDED  AT  AN  ENROUTE  BASE,  IT  MUST  BE  OFFLOADED 
C  AND  AN  APPROPRIATE  CONTINUATION  MISSION  ENTERED  FOR  ORIGINA- 
C  TION  AT  THAT  BASE  IN  ANY  CASE,  THE  RE-ENTRY  OF  THE 
C  CONTINUATION  MISSION  IS  SIMPLY  RECREATION  OF  A  MISSION  WITH 
C  ATTRIBUTES  A20-A32  IN  THE  ITINERARY  SLOTS  AND  A3S-A39  IN 
C  THE  MISSION  IDENTIFICATION  SLOTS  (A1-A3).  ALL  RE-ENTERED 
C  MISSIONS  HAVE  THEIR  ORIGINAL  PRIORITY  AND  READY  TIME, 

C  AND  SO  WILL  RECEIVE  HIGH  PRIORITY  IN  THE  MISSION  FILE. 

COMHON/SCOMI/  ATRI B( 100 ) , DD( 1 00) , DDL ( 100 ) , DTNOV , II.MFA, 
MSTOP .NCLNR , NCRDR ,NPRNT .NNRUN.NNSET ,NTAPE ,38(100), 
SSL(IOO) ,TNEXT,TNOW,XX(100) 

REAL  A(  40 ) 

DO  3  1-1,40 
A<  I)-0 

3  CONTINUE 

C  RECREATE  THE  MISSION 
DO  10  1.20,32 
A ( I ) -ATR I B ( I ) 

10  CONTINUE 

DO  11  1-1,3 

Ad  )-ATRIB(34+I) 

11  CONTINUE 

CALL  HTRACE(SO) 

CALL  SCHDLI 2,0. ,A> 

C  CLEAN  UP  ACFT  ATR IBS 
DO  20  1-10,40 
ATR I B  < I )  -  0 
20  CONTINUE 

ATR I B  <  1 1 )  ■  2 

RETURN 

END 


C  NSNTIM  —  ESTIMATES  MISSION  DURATION  FOR  INITIALLY-ENTERED 
C  MISSIONS 


C  INPUT  -- 
C 

C  OUTPUT  -■ 
C 


ATRIB 

ETELST 

ATRIB 


INTERNAL  --  LEG 
OR  1 G 
DEST 
ONCGO 
OFFCGO 
ETE 
MTIM 


ATTRIBUTE  SET  FOR  MISSION  ENTITY 
ENRTE  FLYING  TIME  (ETE)  LOOKUP  TABLE 
UPDATED  ATTRIBUTE  LIST,  SPECIFICALLY: 
33-36  EST  ARRIVAL  TIMES  AT  DESTINATIONS 
(TIMES  ELAPSED  AFTER  START  OF 
INITIAL  ONLOAD) 

36  EST  MSN  DURATION  (INCLUDING  TIME 
FOR  RETURN  LEG  TO  HOME  BASE  IF 
LAST  DEST  IS  NOT  HOME  BASE) 

LEG  COUNTER 

LEC  START  BASE  CODE 

LEG  END  BASE  CODE 

ONLOAD  CARGO  TYPE  CODE 

OFFLOAD  CARGO  TYPE  CODE 

FLYING  TIME  BETWEEN  2  BASES  FROM  ETELST 

MISSION  DURATION  ACCUMLATOR 


INITIALIZE  MTIM  (ACCUMULATOR)  TO  ZERO. 

TOR  EACH  LEG  OF  THE  MISSION: 

A.  IF  NO  MORE  LEGS ,  SEE  IF  EXTRA  LEC  IS  NEEDED  TO  RETURN 

HOME 

B.  GET  CURRENT  LEG  DATA  FROM  ATRIB  FILE 

C.  INCREMENT  MTIM  FOR: 

ONLOAD  (BASED  ON  LOAD  TYPE) 

ORIC  BASE  (EXTRA  TAXI  TIME  FOR  MAIN  BASES) 

FLYING  TIME  (FROM  ORIG  TO  DEST) 

0  SET  ETA  AT  DEST  BASE  (ATRIBS  33-36) 

E  INCREMENT  MTIM  FOR  OFFLOAD  AT  DEST  (BASED  ON  LOAD  TYPE) 
F.  REPEAT  FOR  NEXT  ZONE 

IF  LAST  DESTINATION  WAS  HOME  BASE,  EXTRA  LEG  IS  NOT  NEEDED. 

IF  LAST  DESTINATION  WAS  NOT  HOME  BASE.  ADD  TIME  FOR 
RETURN  TO  HOME  BASE. 

SET  ATRIBOS)  TO  ACCUMULATED  ESTIMATED  MISSION  DURATION 


C 

C  NOTES: 


TIMES  APPROXIMATE  RULE-OF-THUMB  TIMES  WHICH  WOULD  BE  USED  BY 
SCHEDULER  IN  CHECXINC  FOR  SLOTS  AT  ENROUTE  BASES,  CREW 
DUTY  DAY  LENGTHS,  ETC. 

LEG  TO  HOME  BASE  18  ADDED  BECAUSE  CREWS  CAN  ONLY  BE  CHANCED 
AT  HOME  BASE ;  CREW  DAY  REMAINING  MUST  INCLUDE  TIME  TO  CET 
HOME. 

HOLDING  FOR  WEATHER  OR  TRAFFIC  (EITHER  IN  AIR  OR  ON  GROUND) 

IS  NOT  PLANNED  FOR  ANY  STATION;  MISSION  IS  PLANNED  FOR 
STRA I CHT-THROUCH  EXECUTION  ONCE  BEGUN.  (INITIAL 
DEPARTURE  DELAYS  HAY  BE  AUTHORIZED  WHEN  THE  MISSION  IS 
ACTUALLY  SCHEDULED.) 

MAIN  BASE  DEPARTURES  REQUIRE  10  MINUTES  EXTRA  TAXI  TIME  DUE 
TO  LONCER  DISTANCES. 

AIRDROP  MISSIONS  (CARGO  CODES  3-6)  ARE  ASSUMED  TO  REQUIRE 
EXTRA  BRIEFING  AND  LOADING  TIME.  AIRDROPS  REQUIRE  AN 
EXTRA  10  MIN  AT  DEST  BASE  FOR  LINEUP,  RUN-IN,  SLOWDOWN, 
DROP,  AND  INITIATION  (AIRDROPS  REQUIRE  NO  ADDITIONAL 
TIME  AT  DEBT.) 


C  MINIMUM  GROUND  TIME  AT  ANY  DESTINATION  IS  IS  MINUTES  (INCLUDED 

C  IN  ONLOAD  TIME) 

C  ENROUTE  TIMES  ARE  AVERACE  TIMES  FROM  TAKEOFF  TO  LANDING, 

C  INCLUDING  APPROACH,  FOR  MISSIONS  FLOWN  USINC  COMPOSITE 

C  OF  HIGH  AND  LOW  LEVEL  TACTICS. 

C 

SUBROUTINE  MSNTIM 

COMMON/ SCOM1 /  ATR 1 8< 1 00 > , DD< 1 00 ) , DDL ( 100 ) , DTNOV, 1 1 ,HFA , 

MSTOP , NCLNR , NCROR , NPRNT , NNRUN , NNSET, NTAPE , SS ( 1 0  0 ) , SSL  U  0  0 ) , 

TNE  XT , TNQV , X  X ( 1 0  0 ) 

COMMON /UCOM1 /  ETELST ( 25 ) , Z0NLST( ISO), BASLST( 25  ) 

INTEGER  ETALST, 20NLST, ETELST , BASEST .MOGLST .MSNETA , ORIC .DEBT, 

ONCCO , OFFCCO 

DATA  ZQNLST /l,S*Q,l, 2, 4*0, 1,9, 10, 3*0, 1,9, 10, 8, 2*0, 1,3, 4, 3*0, 

2, 2. 1,3*0, 2,5*0, 2, 10,4*0, 1,10, 0 ,3*0, E, 9,4, 3*0, 

10, », 1,3*0, 10, 2, 4*0, 10, 5*0, 10, «, 4*0,10,5,4,3*0, 

0,10, 0,1, 2*0,6, 10, 2, 3*0, 0,10, 4*0, 0,5*0, I, 5, 4, 3*0, 
4,3,1,3*0,4,0,2,3*0,4,5,10,3*0,4.5,4,3*0,4,3*0/ 

DATA  ETELST/  0,  50,  80,150,  00, 

SO,  0,  00,120,150, 

80.,  00.  0,  00,120, 

150,120.  00,  0,  00, 

80,150,120,  90,  0/ 

DATA  8ASLST / 1 , 2 , 3 , 4 , 5 , 

2. 3. 4. 1.5, 

3, 2, 4, 1,5# 

4. 3. 2. 1.5, 

3, 1,2, 3,4/ 

C  INITIALIZE  MTIM,  THEN  LOOP  THROUGH  EACH  LEG 

MTIM.O 

DO  10  LEC-1,4 

C  IF  DEBT  IS  ZERO,  NO  MORE  LEGS;  CHECX  FOR  EXTRA  LEG  TO  HOME  BASE 
IF  (ATR1B(LEG*3«Z0) . EQ . 0)  GOTO  20 
C  LOAD  DATA  FOR  THIS  LEG 

OHIG>ATRIB(LEG*3+lT) 

ONCCO*ATRI8<LEG*3« 18 ) 

OFFCCOaATRIB(LEG*3*19> 

DEST»ATRIB( LEG* 3+ 20 ) 

C  INCREMENT  MTIM  FOR  ONLOAD 

IF  (ONCCO. EQ.0)  MTIM-MTIM+13 
IP  (ONCCO. Ed. 1)  HTIMaNTIH+30 
IF  (ONCGO.EQ.2)  MTlM.MTIM+43 
IF  (ONCGO.EQ.3)  MTIM«MTIN*43 
IF  (ONCCO. GE. 4)  MTIH*HTIH*80 
C  INCREMENT  MTIM  FOR  MAIN-BASE  TAXI  TIME 
IF  (ORIG.LE  2>  MTIM.MTIM*10 
C  INCREMENT  MTIM  FOR  ENROUTE  TIME 

ETXaETELST( (ORIC-i)«5*DEST) 

HTIHaMTlM+STS 

C  NOTE  ELAPSED  TINE  TO  THIS  BASE 
ATRIB( LEG*  32)aMTIR 
C  INCREMENT  MTIM  FOR  OFFLOAD 

IF  (OFFCCO. EQ. 1)  MTIHaMTIHalS 
IF  (OFFCCO. EQ. 2)  MTlHaMTlH*30 
IF  (OFFCCO. EQ. 3)  HTIHaMTIM+30 
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IF  (OFFCGO.CE.S)  MTIM*MTIH+10 
10  CONTINUE 

C  ADD  TINE  FOR  RETURN  TO  MAIN  BASE,  IF 

20  IF  (DEBT  EO. 1)  THEN 

ATRIBC  3  8 )»MTIM 
CO  TO  30 
END  IF 

ATRIB<  3  8  )  »NTIM4-ETELST<  ( OEST- 1 )  *3 
30  MSNQbATRIB<  20 ) 

CALL  F I L EH ( MSNQ , ATR I B  > 

CALL  HTRACEf  7 ) 

CALL  MTRACE(SO) 

RETURN 

END 


IBB 


NEEDED 


1> 


C  SCHED  IS  THE  MASTER  SCHEDULER  FOR  THE  NETWORK.  WHEN 
C  TRIGGERED  BY  AN  AIRCRAFT  ARRIVAL,  IT  NOTES  THE  LOCATION 
C  OF  THE  AIRCRAFT  < A 1 Z >  AND  BEGINS  TO  CHECK  FOR  POSSIBLE 
C  MISSIONS  IN  EACH  BASE  MISSION  FILE,  BEGINNING  WITH  THE 
C  CURRENT  BASE  AND  FOLLOWING  THE  PRESET  SEARCH  SEQUENCE 
C  IN  BASLST .  FOR  EACH  BA3E  EXAMINED,  THE  SCHEDULER  FIRST 
C  CHECKS  TO  SEE  IF  A  POSITION  LEC  IS  REQUIRED  (AIRCRAFT 
C  REQUIRED  TO  FLY  EMPTY  TO  MISSION  ORIGINATION  BASE). 

C  IF  A  POSITION  LEC  IS  NEEDED,  THE  SCHEDULER  CHECXS  FOR 
C  ENROUTE  AND  TERMINAL  WEATHER,  THREAT,  AND  AIRCRAFT  STATUS. 

C  THE  MISSION  FILE  FOR  THAT  BASE  IS  CHECKED  ONLY  FOR  MISSIONS 
C  REQUIRING  THREAT  RISK  EQUAL  TO  OR  GREATER  THAN  THAT  WHICH 
C  WOULD  BE  NEEDED  TO  FLY  THE  POSITION  LEC.  (I.E.,  THE  MISSION 
C  WON'T  BE  SCHEDULED  IF  IT'S  NOT  WORTH  THE  RISK  TO  GET  THERE 
C  TO  PICK  IT  UP. ) 

C  WITHIN  EACH  MISSION  FILE,  MISSIONS  ARE  EXAMINED  ON  A 

C  HI CHEST- PRIORITY  FIRST  BASIS  (NORMAL  FILE  RANXINC  CRITERIA) 

C  WITHIN  A  GIVEN  PRIORITY,  MISSIONS  ARE  EXAMINED  ON  A  BASIS 
C  OF  OLDEST  READY  TIME  FIRST.  EACH  PROSPECTIVE  MISSION  IS 
C  RUN  THROUGH  A  SERIES  OF  SCREENING  CHECKS  TAILORED  FOR 
C  VARIOUS  LOCATIONS  AND  CASES ,  AND  A  MISSION  IS  SCHEDULED 
C  IF  IT  IS  NOT  ELIMINATED  BY  ONE  OF  THE  SCREENING  CHECKS. 

C  ONCE  SCHEDULED,  THE  MISSION  IS  REMOVED  FROM  THE  MISSION 
C  FILE  AND  "PI GGYBACXED"  ONTO  THE  AIRCRAFT  ATTRIBUTE 
C  STRUCTURE;  THE  MISSION  ENTITY  IS  THUS  DESTROYED  WHEN 
C  SCHEDULED. 

C 

C  SPECIAL  HOME-BASE  PROCEDURES: 

C  IF  A  MISSION  SCHEDULED  AT  HOME  BASE  REQUIRES  A  NEW 

C  CREW,  A  RESTED  CREW  MUST  BE  AVAILABLE  OR  THE  MISSION  WILL 
C  NOT  BE  SCHEDULED.  (THIS  IS  TO  PREVENT  "PRE-LOADED"  AIR- 
C  CRAFT  FROM  WAITING  IN  THE  NEED-CREW  QUEUE  WHILE  THEIR 
C  ASSIGNED  MISSION  MIGHT  HAVE  BEEN  SCHEDULED  ON  ANOTHER 
C  AIRCRAFT  NOT  NEEDING  A  NEW  CREW.)  IF  NO  CREWS  ARE  AVAILABLE, 
C  AND  IF  AN  AIRCRAFT  HAS  A  CREW  BUT  CANNOT  FIND  A  MISSION  TO 
C  FLY  WITHIN  REMAINING  CREWDAY,  THE  OLD  CREW  IS  RETURNED  TO 
C  CREW  REST  IF  IT  HAS  LESS  THAN  Z9«  OF  ITS  ORIGINAL  CREWDAY 
C  LEFT.  IF  AN  AIRCRAFT  WITH  NO  CREW  ARRIVES  AT  THE  SCHEDULER 
C  AND  NO  CREWS  ARE  AVAILABLE,  NO  ATTEMPT  IS  NADS  TO  SCHEDULE 
C  A  MISSION  AND  THE  AIRCRAFT  IS  SENT  TO  THE  HOLD  LOOP. 

C  IF  AN  AIRCRAFT  IN  DEGRADED  STATUS  (A2-X)  CANNOT  BE 

C  SCHEDULED  FOR  A  MISSION,  IT  IS  GIVEN  A  90-S0  CHANCE  TO 
C  GO  BACK  TO  MAINTENANCE,  WHERE  IT  WILL  THEN  HAVE  A  FURTHER 
C  SO-SO  CHANCE  TO  BE  REPAIRED.  WITHOUT  THIS  FEATURE,  PMC 
C  AIRCRAFT  WOULD  NEVER  BE  SCHEDULED  IF  THE  ONLY  MISSIONS 
C  REMAINING  REQUIRED  FMC  AIRCRAFT,  AS  IS  THE  CASE  IN  MOST 
C  FLOWS.  (IN  REALITY,  EVEN  DECRADED  AIRCRAFT  WOULD  BE  USED 
C  IF  REQUIRED  IN  MAJOR  WARTIME  MOVES,  REGARDLESS  OF  THE 
C  MISSION  REQUIREMENTS.) 

C 

C  VARIABLES: 

C  A ( 4 0 )  REAL  ATRIBS  FOR  MISSION  ENTITY 

C  LOC  INT  CURRENT  AIRCRAFT  LOCATION 

C  HOME-BASE  ALTERNATE  MISSION  SEARCH  SEQUENCE 
C  CHECK!  INT  FLAG  TO  INITIATE  ALT  SEQ 


c 

I  NO 

INT 

NUMBER  IN  BASE  MISSION  FILE 

c 

MPRU 

I  NT 

PRIORITY  OF  1ST  MSN  AT  BASE  1 

c 

MRDY1 

INT 

RDY  TIME  OF  1ST  MSN  AT  BASE  1 

c 

POSITION  LEC 

CHECK 

c 

PSNETA 

REAL 

TIME  OF  ARRIVAL  AT  PICKUP  BASE 

c 

LIHSCH 

INT 

RISK  REQ  TO  FLY  TO  PICXUP  BASE 

c 

MBASE 

INT 

BASE  NUMBER  OF  MSN  BEING  CHECKED 

c 

CHXTIM 

REAL 

CHECX  TIME  FOR  ETACHX 

c 

DELAY 

REAL 

DELAY  DUE  TO  FVD  BASE  TRAFFIC 

c 

PSNETE 

INT 

TIME  ENROUTE  TO  PICXUP  BASE 

c 

PSNFLG 

INT 

IF  1,  POSN  LEC  NEEDED 

c 

ETAOPN 

INT 

EARLIEST  OPEN  ETA  AT  FVD  BASE 

c 

VZFLG 

INT 

ENROUTE  VX /THREAT  INDICATOR 

c 

MISSION  FILE 

PRIORITY 

SEARCH 

c 

MPRI 

INT 

MISSION  PRIORITY 

c 

I  RANK 

INT 

FILE  RANK  OF  1ST  MSN  WITH  MPRI 

c 

N2TPRI 

INT 

NEXT  HIGHER  MSN  PRIORITY 

c 

OLDEST 

INT 

OLDEST  READY  TIME  THIS  PRIORITY 

c 

OLDNZT 

INT 

HOLDING  FOR  OLDEST  CHECK 

c 

LRANX 

INT 

FILE  RANX  OF  LAST  MSN  WITH  MPRI 

c 

MISSION  SCREENING 

c 

TDELAY 

INT 

TEMP  DELAY  ACCUMULATOR 

c 

PTIM 

INT 

ENROUTE  TIME  TO  PICXUP  BASE 

c 

TFUEL 

REAL 

FLY  TIME  UNTIL  REFUELING 

c 

TMSN 

INT 

ESTIMATED  MSN  DURATION 

c 

CDAY 

REAL 

CREVDAY  REMAINING 

c 

MISSION  LEG 

CHECXS 

c 

LEC 

INT 

MISSION  LEG  NUMBER 

c 

ORIG 

INT 

LEC  ORIGINATING  BASE 

c 

ONCGO 

INT 

LEG  ONLOAD  CARGO  TYPE 

c 

OFFCCO 

INT 

LEC  OFFLOAD  CARGO  TYPE 

c 

DEST 

INT 

LEC  DESTINATION 

c 

ETMP 

INT 

EST  ELAPSED  TIME  TO  THIS  DEST 

c 

ETAREQ 

REAL 

INITIAL  ETA  FOR  ETACHK 

c 

I* 

MTIM 

INT 

EST  MSN  DURATION  FOR  HOME  CREW  CHK 

b 

SUBROUTINE 

SCHED 

C0MM0N/SC0M1/  ATRIBUOO) . DD< 100 > , DDL < 100 >  ,DTKOW,  II  ,MFA, 

MSTOP , NCLNR , NCRDR , NPRNT , NNRUN , UNSET, NTAFE ,88(100), 

SSL ( 100 ) , TNEIT , TNOW, ZZ ( 100 ) 

COMMON /UC0M1 /  ETELST<25> , ZONLSK ISO ) , BASLSTC 25 ) 

REAL  A ( 40 ) , CHKTIH 

! NTEC E  R  ETAL  ST , Z  ONI ST , ETE  L  ST , B ASLST , HOC 1ST , MSNETA , PSNETE , 
PSNETA , PSNFLG , ETAOPN , ETAFLC , DELAY ,MBASE , INQ , VXFLC , 

L1HSCH, TDELAY , OR  I C , ONCCO , OFFCCO , DEBT , ETMP , ETAREQ 
DATA  ZONLST/ 1,5 *0,1, 2, 4*0, 1,0, 10, 9*0, 1,0, 10, I, 2*0, 1,3, 4, 3*0, 
2, 2, 1,3 *0,2, 5*0, 2, 10,4*0,2,10,1,3*0,2,1 ,4,3*0, 

10, 0,1, 3*0, 10, 2, 4 *0,10, 5*0, 10, 1,4*0, 10, 5, 4, 3*0, 
«,1 0,1,1, 2*0, 0,10, 2, 3*0, I, 10, 4*0, I, 5*0, 4, 5, 4, 3*0, 
4, 3, 1,3 *0,4, 0,2, 3 *0,4, 5, 10, 3*0, 4, 5, 0,3*0, 4, 5*0/ 
DATA  ETELST/  0,  50,  30,150,  90, 

50,  0,  30,120,150, 

30,  90,  0,  90,120, 

150,120,  90,  0,  90, 

90,150,120,  90,  0/ 
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DATA  8ASLST/ 1,2, 3,4, 3, 

2.3.4. 1.3, 

3 , 2 , 4 , 1  ,  3  , 

4. 3. 2. 1.3, 

5, 1,2, 3, 4/ 

DO  1  ratal , 4  0 
A (MM) >0 

1  CONTI HUE 

C  SCHED  TRACE  —  ZZ(97)-2  TO  8 
IF  (ZZ(97) . CE . 2)  THEN 

PRINT  * , TNOV , ‘  BEGIN  SCHED  TRACE,  LOC- ' , ATR IB ( 12 > 

PRINT  SCHED  TRACE  LEVEL- ', ZZ( 97> 

PRINT  TFLY ,TTOT,TFAIL  P / E ■ 1 • ATR I B ( 3  > , ATR I B ( 3  > , 

ATR I B ( 6 ) , ATR I B ( 7 ) 

PRINT  GNDTIN, CREWTIM- 1 , (TNOV-ATRI B(4 ) ) , 

(TNOW-ATR I 8( 1 0 ) > 

END  IF 

C  NOTE  AIRCRAFT  LOCATION 
LOC-ATRI B( 12) 

C  IF  HONE  BASE  AND  NON-CREW  AC FT  AND  NO  CREWS  AVLBL , 

C  DO  NOT  TRY  TO  SCHEDULE 

IF  < LOC . EQ . 1 . AND . ATRI B { 1 0 ) . EQ . 9 . AND . NNQ ( 7) . EQ . 0 )  CO  TO  99 
C  DO  NOT  ATTEMPT  TO  SCHEDULE  NON-MISSION  CAPABLE  AIRCRAFT 
IF  ( ATRI B( 2 ) . EQ . 3 )  GO  TO  99 
IF  < ATRIBt 1 1 ) . GE . 1 )  CO  TO  99 

C  IF  AT  BASE  1,  CHECK  TO  SEE  IF  BASE  2  HAS  MISSION  WITH  HICHER  OR 
C  EQUAL  PRIORITY  (USE  READY  TIME  AS  TIE-BREAXER) .  IF  SO,  SET  FLAG 
C  TO  CAUSE  SEARCH  SEQUENCE  2.3-4-3-1. 

CHECK!. 0 

IF  (LOC.EQ.l)  THEN 

C  IF  NO  MSN8  AT  BASE  1,  USE  NORMAL  SEARCH  SEQUENCE 
INQ-NNQ(l) 

IF  (INQ.EQ.O)  GO  TO  3 

C  FIND  PRIORITY /READY  TIME  OF  FIRST  MISSION  AT  BASE  1 
CALL  COPY (1,1, A) 

HPRI 1«A( 3 ) 

MRDYl-A(l) 

FIRSTl-A(l) 

C  IF  NO  NS NS  AT  BASE  2,  USE  NORMAL  SEARCH  SEQUENCE 
INQ-NNQt  2) 

IF  (INQ.EQ.O)  GO  TO  3 

C  IF  BASE  2  MSN  IS  HIGHER  PRIORITY  (OR  OLDER  IF  PRIORITY 
C  EQUAL)  SET  FLAG  TO  SEARCH  BASE  2  FILE  FIRST 
CALL  COPY  (1,2, A) 

IF  (MPRI 1 . GT. A( 3 ) )  CHECK2-1 

IF  (NFRI1 . EQ . A( 5 ) . AND . HRDY1 . GT. A( 1) )  CHECK2-1 
END  IF 

C  CHECK  EACH  MSN  FILE  IN  PRESCRIBED  ORDER  (UNLESS  AT  BASE  1  AND 
C  CHECK2-1,  WHEN  CHECX  WILL  BE  2-3-4-S-l) 

3  ATRI B ( 40 ) -0 

PSNITAaTNOV 
DO  10  1-1,3 

IF  (LOC.EQ.l  AND. CHECK!. EQ.l)  THEN 
CHECX2-2 
GO  TO  10 


END  IF 

C  IF  AT  BASE  1  AND  BASE  Z  WAS  CHECXED  FIRST.  THE  BASE  LOOP  REPEATED 
C  TO  INCLUDE  BASE  I;  IF  SO  AND  NO  MSN  HAS  BEEN  FOUND,  DON'T  CHECK 
C  OTHER  FILES  AGAIN  --  TRY  EVERYTHING  ACAIN  IN  AN  HOUR. 

IF  (CHECK2 . EO. 3 .AND. I . EQ.  2)  GO  TO  13 
LIMSCH-0 

MBASE-BASLST( ( LOC- 1 >  *5* I ) 

IF  (XX (97) .GE.4)  PRINT  *,'  MBASE- 1 , MBASE 

CHKTIM-TNOV 

DELAY-0 

PSNETA-TNOV 

PSNETE-0 

PSNFLG-0 

INQ-NNQ (MBASE) 

C  IF  NO  HSNS  AT  THIS  BASE,  TRY  NEXT  BASE 
IF  (INQ  EQ.O)  CO  TO  10 

C  IF  BASE  BEING  CHECXED  ISN'T  CURRENT  LOCATION,  CHECK  POSITION  LEG 
IF  (MBASE. NE  LOC)  THEN 

C  IF  BASE  REQUIRES  MAX  EFFORT  LNDC ,  NEED  FULLY  CAPABLE  ACFT 
IF  (MBASE. GE.4. AND. ATRIB ( Z > . GE . Z )  GO  TO  10 
C  FIND  ETE  TO  POSITION  BASE)  ADD  15  MIN  FOR  MAIN  BASE  TAXI  TIME, 

C  THEN  FIND  ETA  AT  POSITION  BASE 

PSNETE-ETELSTt ( LOC- 1 > *  5 *MBASE ) 

IF  (LOC.LE.Z)  PSNETE-PSNETE  +  15 
PSNETA-TNOV* P8NETE 

IF  (XX(97) .GE.4)  PRINT*,'  FSNETA- ' , PSNETA 

C  IF  POSITION  BASE  IS  3,«,5,  CHECK  FOR  ETA  SLOT  (MAX  90  MIN  DELAY  IF 
C  LOC-MAIN  BASE,  30  MIN  DELAY  FOR  OTHERS) 

IF  (MBASE. GE. 3)  THEN 

CALL  ETACKKl MBASE , PSNETA, ETAOFN, ETAFLG) 

IF  (XX(97).GE.4>  PRINT  *, 

ETAFLG , ETAOPN- ', ETAFLG , ETAOPN 
IF  (ETAFLG. EQ. 0)  GO  TO  10 

IF  (LOC.LE.Z.  AND  ETAOPN. GT  ( PSNETA* 90) >  GO  TO  10 
IF  (LOC.GE. 3. AND. ETAOPN. CT. (PSNETA*30>>  GO  TO  10 
C  SET  DELAY;  FIRST  OPEN  SLOT  BECOMES  PSNETA 
DELAY-ETAOPN- PSNETA 

IF  (DELAY.LT  0)  DELAY-0 
PSNETA -ETAOPN 
IF  ( XX( 97) . GE . 4 )  PRINT  *, 

DELAY, PSNETA1-' , DELAY, PSNETA 

END  IF 

C  CHECK  VX  AND  THREAT  FOR  POSITION  LEG;  IF  VXFLG  3  OR  MORE, 

C  POSN  BA3E  VX  BELOV  MINS  —  TRY  NEXT  BASE)  IF  TERM  VX  GOOD, 

C  LIMSCH  BECOMES  0  (NO  THREAT),!  (LOV  THREAT),  OR  Z  (NICH 
C  THREAT);  ONLY  HSNS  REQUIRING  AT  LEAST  THIS  RISX  CAN  BE 
C  CONSIDERED  FOR  SCHEDULING 

CHXTI M-PSNETA- ETE LST ( ( LOC- 1 ) *5*MBASE  > 1 2 
IF  (XX(97)  GE.4)  PRINT  *, 

CHXTI M  FOR  VXCHK- ' , CHKTIH 
CALL  VXCHK ( LOC , MBASE , CHKTIH , VXFLC ) 
tr  (XX(97).CE.4>  PRINT  *, 

LOC, MBASE, VXFLC-' , LOC, MBASE, VXFLC 
IF  ( VXFLC. GE. 3)  CO  TO  10 
LIHSCH-VXFLG 


PSNFLG- 1 
END  IF 

C  IF  POSITION  LEC  IS  REQUIRED  AND  FEASIBLE,  SET  FLAG 
IF  ( XX ( 97 ) . CE . 4 )  PRINT  «, 

PSNFLG , L IMSCHa 1 , PSNFLG , LIMSCK 
C  CHECK  EACH  MISSION  IN  THE  FILE 

C  FIND  BEGIN  AND  END  RANK  OF  EACH  BLOCK  OF  EQUAL-PRIORITY 
C  MISSION,  AND  OLDEST  MISSION  READY  TIME  WITHIN  PRIORITY. 

100  CALL  COPY  < 1 ,HBASE , A) 

MPRI-A(S) 

IRANK-1 
NXTPRI -A ( 3  ) 

IF  ( XX( 97) . GE . 5 )  PRINT  *, 

MPRI , IRANX,NXTPRIa' ,MPRI , IRANK.NXTPRI 
C  BLOCK  DEFINITION  LOOP 

C  FIND  BEGINNING  AND  END  OF  PRIORITY  BLOCX 

101  OLDEST aTNOV+1 

DO  102  I IalRANK , INQ 

CALL  COPY < 1 1 , MBASE , A) 

IF  (ACS) . GT.MPRI )  THEN 
NXTPRIaA(S) 

GO  TO  103 
END  IF 

IF  <A<3) .EQ.MPRI . AND. A < 1 >  LT. OLDEST) 
OLDEST-A(l) 

102  CONTINUE 

C  SET  MARKER  FOR  END  OF  CURRENT  PRIORITY  BLOCX 

103  IF  (NXTPRI .EQ.MPRI)  THEN 

LRANK-INQ 

ELSE 

LRANXal 1 -1 
END  IF 

IF  ( XX ( 97 ) .GE. 3)  PRINT  *, 

NXTPRI, LRANK, OLDEST-', NXTPRI, LHANK, OLDEST 
C  BLOCK  SEARCH  LOOP 

C  SEARCH  WITHIN  PRIORITY  BLOCK  FOR  MISSIONS  EQUAL  TO 
C  OLDEST ■,  SIMULTANEOUSLY  FIND  NEXT  OLDEST  MISSION  IN 
C  BLOCK. 

200  OlDNXTaTNOV* 1 

201  DO  202, JJ-IRANK, LRANK 

CALL  COPY( JJ , MBASE , A) 

IF  ( A < 1 > . EQ . OLDEST)  THEN 
MRANXaJJ 

C  BEGIN  SCREENING  CHECKS  FOR  THIS  MISSION 
TDEIAY-QEIAY 
CHKTIM-PSNETA 
IF  (PFLC.EQ.0)  THEN 
PTIMaO 
ELSE 

FTIMaPSNETA-TNOW 

ENDIF 

IF  ( XX< 17)  GE. <)  PRINT  •, 

MSN,' PR  I ,  RDY ,  RSKa  1  ,A<3>  ,A(3>  ,  A  ( 1  )  ,  A  <  4 ) 

C  CHECK  FOR  TAC  MSN  AND  NON-TAC  AC FT 

IF  < A<  2) . SO. 1 . AND . ATRIB< 2) . GE . 2 >  GO  TO  13 
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C  CHECK  FOR  MSN  NOT  JUSTIFYING  RISK  TO  GET  TO  FOSN  BASE 
IF  (A(4)  LT.LIMSCH)  GO  TO  15 

C  CHECX  FOR  SUFFICIENT  FUEL  REMAINING  ( BASED  ON  4200  LB/HR 
C  BURN  RATE  AND  50400  LB/ 12.0  HR  TUEL  LOAD  ON  DEPARTURE 
C  FROM  HOME  BASE).  ESTIMATED  MSN  TIME  (BACK  TO  HOME  BASE 
C  BASE)  IS  USED  FOR  FUEL  CHECK;  ACFT  MUST  HAVE  FUEL  FOR 
C  EST  MSN  TIME  PLUS  POSITION  LEG  TIME.  ACFT  BEING  SCHED 
C  AT  HOME  BASE  ARE  NOT  CHECKED. 

IF  (LOC.NE. 1)  THEN 
TFUEL*t 00-ATR1 8< ) > 

TMSN»A( 30 )*PTIM 
IF  (TFUEL.LT. TMSN)  GO  TO  15 
END  IF 

C  CHECK  FOR  SUFFICIENT  CREW  OAF  REMAINING  (SAME  CRITERIA  AS 
C  FOR  FUEL  CHECK) 

CDAY-XX ( 10 ) -TNOW+ ATR I B ( 10) 

IF  ( XX( 97) . GE . 9 )  PRINT  », 

CDATREM ,MTIM« 1 , CD AY , (A(38)*PTIM) 

IF  ( CDAY . LT . ( A( 38 ) +PTIM) )  THEN 
IF  (LOC.NE. 1)  GO  TO  IS 

C  IF  AT  HOME  BASE  AND  CREV  IS  NEEDED  BUT  NONE  ARE  AVAIL- 
C  ABLE.  TRY  NEXT  MISSION. 

IF  ( NNQ ( 7 ) . EQ. 0)  GO  TO  IS 
END  IF 

C  CHECK  MSN  LEG  BY  LEG  FOR  VX  AND  THREAT 
DO  17  LEC-1,4 

C  IF  NEXT  OEST  •  0 ,  NO  MORE  LEGS,  MSN  HAS  PASSED  CHECKS. 

C  EXIT  SEARCH  LOOPS 

IF  (A(LEG*3*20> . EQ . 0 )  GO  TO  20 
ORIG«A(LEG*3+17> 

ONCGO-A( LEG*  3* 18 ) 

OFFCGO-A (LEG*3*19) 

OEST-A(LEG*3*2Q) 

ETMP»A(LEG*32) 

IF  ( ZX( 97 )  GE. 8)  PRINT  *, 

LEC.DEST- ' .LEC.DEST 

C  CHECK  FOR  MHE  AVAILABILITY  AT  ENROUTE  BASES  REQUIRING 
C  ONLOAD  (ASSUME  CARGO  CAN  BE  COMBAT-OFFLOADED  IF  REQ) ; 

C  CHECK  FORKLIFTS  ONLY  (CAN  INCLUDE  K-LOADERS  IN  FUTURE 
C  VERSIONS) 

IF  ( ONCGO . EQ . 2 . OR . ONCCO . EQ . 3 . OR . ONCGO . EQ . 8  >  THEN 
IF  ( OR I C . EQ . 3 . AND . XX ( 7 3 ) . EQ . 0 )  GOTO  15 
IF  ( ORIG . EQ . 4 . AND. XZ(74) . EQ . 0 )  GO  TO  15 
END  IF 

C  CHECK  FOR  ETA  SLOT  FOR  EACH  LEG;  AIRDROPS  DON'T  NEED  ETA; 

C  IF  EARLIEST  AVAIL  ETA  AT  ANY  ENROUTE  BASE  PUSHES  DELAY 
C  OVER  LIMIT,  TRY  NEXT  MISSION 

IF  (OEST.GE  3. AND. (OFFCCO. LE . 4 . OR. 

OFFCGO . GE . 7  >  >  THEN 
ETA R EQ- ETMF ♦ PSNETA ♦ TDE L A Y 
CALL  ETACHX ( DIST , ETAREQ , ETAOPN , ETAFLG ) 

IF  (XX(97)  GE.f)  PRINT  *, 

ETAREQ, ETAOPN- ' , ETAREQ , ETAOPN 
IF  (ETAFLG, EQ. 0)  GO  TO  15 
TDELAY-TDIL AY* ETAOPN- ETAREQ 
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IF  <  LOC  LE .  2  . AND . TDELAY . GT . 30 )  GOTO  15 
IF  ( LOC . GE . 3 . AND. TDELAY . GT. 30  >  GO  TO  15 

END  IF 

C  CONFUTE  CHKTIH  FOR  VX  AND  THREAT  CHECK  --  CHECK  CONDITIONS 
C  BASED  ON  TINE  TO  MIDPOINT  OF  CURRENT  LEG;  THREAT  AND  VX  VI LI 
C  REFLECT  CURRENT  CONDITIONS  (ASSUMED  TO  BE  VALID  FOR  THE  NEXT 
C  SEVERAL  HOURS);  ESCORT  EVALUATION  VILL  REFLECT  PLANNED 
C  AVAILABILITY  AT  CHKTIH;  IF  VX  BAD  FOR  LEG  OR  IF  MSN  DOESN'T 
C  ALLOV  RISK  REQUIRED  FOR  LEG,  TRY  NEXT  MSN 
CHKTIHaTNOV*TDELAY*ETHP- 

(ETELSTC ( ORIG- 1 ) * 5+DEST) /2) 

CALL  VXCHK(OFIG , DEST, CHKTIH, VXFLG) 

IF  <  XX ( 97) . GE . 8  >  PRINT  *, 

:•  VXFLG-' , VXFLG 

IF  (VXFLG. GT. A(4> >  GO  TO  15 
17  CONTINUE 

GO  TO  20 
END  IF 

C  RESUME  SEARCH  OF  MISSION  FILE  IF  MISSION  IS  REJECTED 
IS  IF  (A(l)  GT. OLDEST. AND. A(l>  LT.OLDNXT)  OLDNXT-A(l) 

202  CONTINUE 

C  IF  MORE  MISSION  IN  CURRENT  BLOCK,  RE-ENTER  BLOCX 
C  SEARCH  LOOP 

IF  (OLDNXT.LE.TNOV)  THEN 
OLDEST-OLDNXT 
GO  TO  200 
ENDir 

C  IF  ANOTHER  PRIORITY  BLOCK,  RE-ENTER  BLOCK  DEFINITION 
C  LOOP 

IF  (NXTPRI . GT . MPRI )  THEN 
MPHI -NXTPRI 
t RANKaLRANK+1 
CO  TO  101 
END  IF 

C  IF  NO  MORE  PRIORITY  BLOCKS  (END  OF  CURRENT  FILE)  GO  TO 
C  NEXT  BASE  FILE 
10  CONTINUE 

C  IF  THROUGH  BASE  LOOP  AND  MSN  NOT  FOUND,  AND  IF  BASE  2  VAS 
C  CHECKED  BEFORE  BASE  1  BECAUSE  OF  AN  OLDER  MISSION,  RESTART 
C  THE  LOOP  TO  CHECK  BASE  1 

19  IF  (LOC. IQ. 1)  THEN 

IF  ( CHECKS . EQ . 2 >  THEN 
CHECX2a3 
GO  TO  5 
END  IF 
END  IF 

C  IF  NO  HSNS  FOUND  AND  NOT  AT  BASE  1,  GENERATE  DEADHEAD  LEG 
C  TO  HOME  BASE;  IF  AT  BASE  1,  SET  SVITCH  FOR  90-MINUTE  DELAY 
C  LEG. 

91  IF  (LOC.GS.2)  THEN 

ATRIB(17)aO 
CALL  DEDHED(LOC) 

IF  (EX(«7)  GE. 2)  PRINT  *,'  DEDKED  CALLED' 

IF  ( ATR I B ( 1 1 )  .  EQ .  1 )  CALL  MTRACEO) 

IF  (ATRIBUI)  EQ.l)  CALL  MTRACE(SO) 
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1 


RETURN 
END  IF 

C  IF  AIRCRAFT  HAS  CREW  BUT  NO  MISSION  COULD  BE  FOUND, 

C  RETURN  CREW  TO  CREV  REST  IF  LESS  THAN  25%  OF  ORIGINAL 
C  CREVDAY  REMAINING . 

CDAYaXX < 1 0 > -TNOV* ATR IB I 1 0 > 

IF  (CDAY.GT. ( . 7  5  *  X  X ( 1 0  > )  THEN 
IF  ( ATR I B ( 10)  NE.O)  THEN 
CALL  ENTER (6 , ATRIB) 

ATRIBI 10)»0 
END  IF 
END  IF 

C  IF  AIRCRAFT  IS  IN  DEGRADED  STATUS  AND  MISSION  COULD 
C  NOT  BE  FOUND,  50%  CHANCE  TO  RETURN  AIRCRAFT  TO  HAIN- 
C  TSNANCE  FOR  POSSIBLE  REPAIR  AND  UPGRADE  TO  FMC  STATUS. 

IF  (ATRIBI 2) . CE . 2 )  THEN 
XIbUNFRMIO . ,100,1) 

IF  ( El . GE . 5  0  )  THEN 
ATRIBI 16  > >100 
ATRIBI 17) bISS 07 
ATRIBI 15)sl 
RETURN 
END  IF 
END  IF 

ATRIBUD-O 

IF  I XX (87) ,GE.2>  PRINT  DEDHED  HOLD' 

RETURN 

C  IF  AT  MAIN  BASE  AND  MSN  IS  GOOD,  CHECK  FOR  CREV  CHANCE 
C  BASED  ON  MSN  DURATION;  SET  FLAC  IF  NEV  CREV  NEEDED; 

C  ALL  NON-CREV  ACFT  REQUIRE  CREV  I ATRIBI 10 ) b0 > . 

20  IF  (LOC.EQ. 1)  THEN 
ATRIBtlSIsO 

IF  I ATRIBI 10) . EQ . 0 )  THEN 
ATR I B 1 1 8 ) b 1 

IF  IXXIII) .CE. 1)  PRINT  *,  'NON-CREV  ACFT  SCHSD' 

GO  TO  1000 
END  IF 

CDAYsXXI 10 )-TNOV+ ATRIBI 10) 

MTIMsAI 38 )+PTIM+TDELAY 

IF  I CDAY . LT.MTIM)  ATRIBI18)b1 

IF  I XXI 17)  GE. 3)  THEN 

IF  (ATRIB(ll) . EQ. 0)  PRINT  *,'  CREV  OK,  CDAYREMa ' , 
COAT 

IF  (ATRIBI II) . EQ. 1)  PRINT*,'  CREV  NEEDED,' 

'  CDAY, MTIM- ', CDAY, MTIM 
END  IF 
SNDIF 

C  “PIGGYBACK"  NBN  ATR IBS  ONTO  ACFT 

1008  CALL  SCNSET I A , TDEL AY , PSNETA , PSNSTE , PSNFLC , MBASE , NRANX , LOC ) 
CALL  NTRACEI I) 

CALL  MTMACEI 50 ) 

RETURN 

END 
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SUBROUTINE  SCHSET ( A , TDEL AY , ETAF . ETEP , PFLG , MBA8E , NRANX , LOC) 

C  CALLED  BY  SCHED  TO  P1CCYBACX  MISSION  ATRIBS  ONTO  ACFT.  SCHSET 
C  ALSO  PERFORMS  HOUSEKEEPING  ROUTINE  ON  ETA  FILES  BY  ELIMINATING 
C  ALL  ETAS  OLDER  THAN  TNOV  MINUS  ONE  HOUR  (TIMES  MUST  BE  RETAINED 
C  FOR  PROPER  ETA  CHECKING,  WHICH  NEEDS  PREVIOUS  ETAS  FOR  PLUS/MINUS 
C  ONE  HOUR  OF  PROPOSED  ARRIVAL).  THE  ETA  FILES  ARE  THEN  COMPRESSED 
C  AND  FILLED  OUT  WITH  ZEROS,  SO  THAT  THE  NEXT  ETA  ENTERED  WILL  BE 
C  AT  THE  END  OF  THE  NON-ZERO  ENTRIES  FOR  A  PARTICULAR  BASE. 

C  THE  MISSION  ENTITIES  ARE  DESTROYED  BY  DEFAULT,  SINCE  THEY  ARE 


c 

NOT  REENTERED  AFTER 

!  THEY 

HAVE  BEEN  REMOVED  FROM  THE 

c 

r 

FILES. 

la 

C 

VARIABLES : 

c 

ETALST ( 130) 

I  NT 

FWD  BASE  ETA  FILE 

c 

A<  40 ) 

REAL 

MISSION  ATRIBS 

c 

TDELAY 

I  NT 

MISSION  DELAY 

c 

ETAF 

INT 

ETA  AT  PICXUP  BASE 

c 

ETEP 

I  NT 

ETE  TO  PICXUP  BASE 

c 

PFLC 

INT 

IF  1,  POSITION  LEG  REQ 

c 

MBASE 

INT 

MISSION  PICXUP  BASE 

c 

NRANX 

INT 

MISSION  FILE  RANK 

c 

LOC 

INT 

CURRENT  ACFT  LOCATION 

c 

EPTR 

INT 

ETALST  POINTER 

c 

MSNETA 

INT 

SCHED  MSN  BASES  AND  ETAS 

c 

ETMP 

INT 

TEMP  ETALST  XFER  VARIABLE 

COHHON/SCOMI/  ATR I B ( 100) , DD ( 1 0  0  > , DDL ( 1 0 0 ) , DTNOW , 1 1 , HF A , 

MSTOP,NCLNR,NCRDR,NPRNT,NNRUN,NNSET,HTAPE,SS(IOO) , SSL ( ISO ) , 
TNEXT.TNOW, XX < 100) 

COMMON /UCOMZ/  ETAISTU30) 

REAL  A(40) 

INTEGER  ETALST, ZONLST, ETELST, BASEST, MOGLST, NSNETAUO) ,ETMP, 
ETAP, ETEP, TDELAY, PFLG, EPTR 
IF  (XX(ZO) . EQ . 0 )  THEN 
DO  1  K. 1,130 
ETALST(K)»0 
CONTINUE 
XX(Z0)al 
END  IF 

DO  Z  X.1,10 
MSNETA(X) a0 
CONTINUE 
TaTNOV+TDELAY 
DO  3  K.1,4 

IF  (A(K*l+Z0) . GE . 1. AND. A(K*3+Z0) . LE . 3 )  THEN 
MSNETA (<K+1)*Z-1)«A(K*3+Z0) 

HSNETA<(K*1)«Z)-A(K*3Z)+T 
END  IF 

CONTINUE  " 

IF  (PFLC.EQ. 1)  THEN 
MSNETA (l)aHlASX 
MSNETA (Z)aETAP 
ELSE 

MSNETA ( l)al 
EMDIF 
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DO  23  I ■ 1 < 1 1  2 

IP  <MSNETA( t ) . EQ . 0  >  SO  TO  30 
IF  (MSNETA(I)  LE. 2)  CO  TO  23 
EPTRa (MSNETA< I )-3  >*50 
K-I 

DO  20  J-1,50 

ETMPaETALST<  EPTR  +  J) 

IF  (ETMP.CT  TNOW)  THEN 
ETALST( EPTR+X ) aETMP 
KaK+1 

IF  (22(87) . CE . 3)  PRINT  », 

ETALST  1 , X- 1 ,  '  a  '  ,  ETAL3T< EPTR+K- 1 ) 

END  IF 

IF  (ETNP.EQ.O)  CO  TO  23 
24  CONTINUE 

C  IF  ETA  FILE  FULL  (ALL  ETAS  NEEDED)  PRINT  NSC  AND  CO  TO  NE2T 
C  LEC,  OTHERWISE  FILE  NEW  ETA.  IF  FILE  FULL  (IT  SHOULDN'T  BE) 

C  FLY  THE  MISSION  AS  SCHEDULED. 

IF  (X.EO.S1)  PRINT  • , 1  ETA  FILE  BASE  ',LOC,'  FULL  AT 
TNOV 

IF  (X.EQ.31)  CO  TO  23 
23  ETALST(£FTR+X)aMSNETA( I  +  l > 

IF  (22(37)  CE. I)  PRINT  *, 

NEW  ETAa* , ETALST ( EPTR+K) , ’  PSN.'.X 
C  FILL  THE  REST  OF  THE  ETA  FILE  FOR  LOC  WITH  2EROS 
DO  21  LaX+1,30 

ETALST(ETPR-tL»aO 
23  CONTINUE 

23  CONTINUE 

C  PICCYBACK  MSN  ATRIBS  ONTO  ACFT 

C  IF  POSITION  LEC  NEEDED,  PUT  ITS  DATA  IN  CURRENT  LEC  SLOTS 
C  (A12-13),  THEN  PLACE  MISSION  LEGS  IN  SEQUENTIAL  LEC  SLOTS 
C  (A20-12). 

30  IF  (PFLC.EQ.I)  THEN 

ATRIB( 12)aLOC 
ATRIB(13)aO 
ATR I B ( 1 4 ) ■ 0 
ATRIBdS  )aMBASE 
DO  31  Ia20 , 32 
ATRIB(IaA(l) 

31  CONTINUE 
ENDIF 

C  IF  POSITION  LEC  NOT  NEEDED,  PUT  FIRST  MISSION  LEC  DATA  IN 
C  CURRENT  LEG  SLOTS  AND  FOLLOWING  LEC  DATA  IN  SEQUENTIAL  SLOTS. 
C  FILL  LAST  LEC  SLOTS  WITH  ZEROS  SINCE  MISSION  DATA  HAS  BEEN 
C  SHIFTED  DOWN  ONE  LEC. 

IF  (PFLC.EQ.t)  THEN 
ATRIB(12)aMBASE 
ATRIBdS  >aA( 21) 

ATRIBd4)aA(  22) 

ATRIB(15)aA<23) 

DO  32  Ia23 , 32 
ATRIB( I-3)-A( I ) 

32  CONTINUE 

DO  S3  Ia30,32 
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ATR I B  < I ) a  0 
S3  CONTINUE 

END  IF 

C  CLEANUP  (NOTE  THAT  A17.TDELAY  —  ALL  DELAY  IS  TAKEN  AT 
C  ORIGINATING  BASE ;  PLANNED  DELAYS  ENROUTEARE  NOT  ALLOWED 
C  --  YET. ) 

ATRIK1D-0 
ATRI B ( It )al 
ATRIB( 17)>TDELAY 

C  ATR I BS  38-39  WILL  CARRY  ORIGINAL  MISSION  ATR IBS  I-S: 

C  ORIG  READY  TIME,  TYPE  ACPT  REQUIRED,  MISSION  NO, 

C  RISX  LEVEL,  AND  PRIORITY 
DO  80  I«1 ,5 

ATR! BOA* I  > m A ( I  > 

60  CONTINUE 

C  DESTROY  THE  MISSION  ENTITY 

CALL  RHOVE(MRANK,MBASE , A) 

RETURN 

END 


* 


■4  * 
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SUBROUTINE  DEDHED! IOC) 

C  WHEN  AN  AIRCRAFT  FINISHES  A  MISSION  AT  OTHER  THAN  HOME 
C  BASE  AND  A  NEW  MISSION  CANNOT  BE  FOUND.  THE  AIRCRAFT 
C  MUST  RETURN  EMPTY  TO  HOME  BASE.  AIRCRAFT  ARE  NOT  ALLOWED 
C  TO  REMAIN  AT  ENROUTE  BASES  WITH  NO  MISSION.  IF  AT  BASE  S, 

C  THE  AIRCRAFT  MUST  RETURN  HOME  RECARDLESS  OF  THREAT,  SINCE 
C  THIS  TYPE  OF  BASE  IS  CONSIDERED  UNSAFE.  IF  AT  BASE  Z,  3. 

C  OR  4.  PROTECTION  IS  ASSUMED  TO  BE  AVAILABLE  AND  THE  AIRCRAFT 
C  CAN  REMAIN  THERE  TEMPORARILY.  SCHED  WILL  ATTEMPT  TO 
C  RESCHEDULE  THESE  AIRCRAFT  EVERY  <0  MINUTES  UNTIL  THEY 
C  EITHER  FIND  A  MISSION  OR  CAN  RETURN  HOME.  IF  AT  BASE  3 
C  OR  4,  HOWEVER.  AND  IF  AN  INBOUND  AIRCRAFT  IS  HOLDING 
C  FOR  A  SLOT  AT  THAT  BASE,  THE  EMPTY  AIRCRAFT  MUST  LEAVE. 

C  DEDHED  IS  ALSO  CALLED  BY  THE  ENGINE-START  PROCEDURE  WHEN 
C  ANY  AIRCRAFT  NOT  AT  HOME  BASE  MUST  MAKE  AN  UNSCHEDULED  TRIP 
C  TO  HOME  BASE  (ABORTING).  IN  THIS  CASE,  DEDHED  IS  USED  TO 
C  MAKE  A  LAST-MINUTE  WEATHER /THREAT  CHECK  FOR  THE  NEVLY- 
C  ABORTINC  AIRCRAFT.  IF  THREAT/VEATHER  ARE  NOT  ACCEPTABLE 
C  (AND  IF  FORCE-OUT  CONDITIONS  CO  NOT  APPLY)  THE  AIRCRAFT  NAY 
C  TEMPORARILY  REMAIN  AT  ITS  CURRENT  BASE  ON  A  “DEPARTURE  HOLD” . 

C  THE  AIRCRAFT  WILL  RETURN  TO  RESTRT  (AND  THUS  TO  DEDHED)  EVERY 
C  40  MINUTES  UNTIL  CONDITIONS  ALLOW  IT  TO  DEPART  FOR  HOME. 

C  ( "FORCE-OUT"  RULES  APPLY  TO  BOTH  ABORTS  AND  NON-ABORTS) . 

COMMON/ SCOM1  /  ATRIBUOO ) , DDU 00 ) , DDL ( 1 00 )  , DTNOW ,  II  ,MFA, 

MSTOP .NCLNR .NCRDR ,NPRNT , NNRUN ,NNSET , NTAPE ,38(100) .SSL(IOO) , 
TNEXT , TNOV , X  Z ( 1 0  0 ) 

COMMON/ UCOM1 /  ETELSTt 23  > , ZONLSTC 150 ) , BA8L8T( ZS ) 

INTEGER  ZONLST, ETELST , BASEST . ETEHOM , WXFLC 
C  CHECK  FOR  "FORCE-OUT“  CONDITIONS 

IF  (LOC.EQ. 3. AND. (NNQ<8>  .GT.O  OR.NNQ(O)  .GT.O) )  GOTO  ZO 
IF  (LOC . EQ -  4 . AND . (NNQ ( 13 ) . GT. 0 . OR . NNQ( If ) . GT. 0  > )  GO  TO  ZO 
IF  (LOC.EQ. 5)  GO  TO  ZS 
C  IF  RISK  PRIORITY  IS  Z,  CO  RECARDLESS 
IF  ( ATR I B ( 4 0 ) . EQ . Z )  GO  TO  ZO 
CHKTIM-TNOW 

CALL  VXCHX(LOC, I , CKKTIM .WXFLG) 

IF  (WXFLG. GTATRIB(4>)  THEN 
ATRI8( IS  )»0 
RETURN 
END  IF 

ZO  ATR  I B  ( 4  0 )  ■  Z 

ATR 1 B  ( 1 8  )  ■  1 

C  IF  ALREADY  LOADED  (AS  FOR  SOME  ABORTS)  DON’T  CHANCE  ATR I BS 
IF  (ATRIS(11).CE.1>  GO  TO  9* 

C  IF  ALREADY  DEADHEADING  (MSN  ■  80000-89*91)  DON’T  CHANGE 

IF  (ATRIB(37) .GE. 80000  AND. ATRIB(37> .LE. 89999)  GOTO  99 
C  IP  COMING  DIRECTLY  FROM  SCHEDULER  (NO  MSN  AVAIL)  SET  UP 
C  MISSION  ATTRIBUTES  FOR  DEADHEAD  LEC  TO  HOME  BASE 
ATRIB(1Z)-L0C 
ATR I B  ( 1  3 )  ■  0 
ATRIB( 14  >»0 
ATR 1 8 ( 1 3 ) ■  1 
DO  ZI  1-19,39 
ATR I B ( I ) ■ 0 
Z 1  CONTINUE 

ATR1B( 37 ) -80000+LOC* 1000+XX (30>*1Q0«XX(Z9) 

99  RETURN 

END 


C  ETACHX  - 
C 

C  INPUT  -- 


C  OUTPUT  --  ETAOPN 
C  ETAFLC 

C  INTERNAL  —  EPTR 
C  NETA 


-  CHECKS  FOR  NON-CONFLICTING  ARRIVAL  TINE  AT  A  BASE 

DEST  DESTINATION  BASE  CODE 

ETAREQ  INITIAL  PROPOSED  ETA 

ETALST  FILE  OF  PREVIOUSLY  SCHEDULED  ETAS 

MOGLST  MAX  NUMBER  OF  ARRIVALS  PER  HOUR  LOOKUP  TABLE 

ETAOPN  FIRST  OPEN  ARRIVAL  TIME  SLOT 

ETAFLC  0  IF  NO  SLOTS  VITHIN  4  HOURS  OF  ETAREQ;  ELSE  1 
—  EPTR  POINTER  TO  ETALST 

NETA  NUMBER  OF  ETAS  VITHIN  1-HR  WINDOW  BEING  CHECKED 


SET  ETAFLC  TO  1 

CREATE  EPTR  (POINTS  TO  BEGINNING  OF  PROPER  30-ENTRY  VECTOR). 

SET  ETAOPNa ETAREQ  (KEEP  ETAREQ  FOR  REFERENCE). 

CHECK  EACH  1-HOUR  VINDOV  FROM  (ETAOPN  MINUS  1  HR)  TO  (ETAOPN  PLUS 
1  HR  USING  5-MINUTE  INCREMENTS  BETWEEN  WINDOWS: 
A.  INITIALIZE  NETA  TO  ZERO. 

B  CHECK  EACH  OF  50  ENTRIES  IN  ETALST  VECTOR  (SEE  NOTES): 

IF  IN  VINDOV,  NETAaNETA+l 

C.  IF  NETA  EXCEEDS  MAX  NO  OF  ARRIVALS  PER  HOUR,  THIS  VINDOV 

13  BAD;  SINCE  ALL  WINDOWS  MUST  BE  GOOD  FOR  AN 
ARRIVAL  TIME  SLOT  TO  BE  ACCEPTABLE,  THIS  VALUE 
OF  ETAOPN  IS  NOT  VALID  AND  A  NEW  ETAOPN  MUST  BE 
CHECKED;  INCREMENT  ETAOPN  BY  NUMBER  OF  WINDOWS 
CHECKED  TIMES  5  MINUTES: 

IF  NEW  ETAOPN  IS  MORE  THAN  4  HRS  FROM  ETAREQ,  SET 
ETAFLfl-tf  AND  RETVKN  (NO  SLOTS  AVAILABLE) 

IF  NEV  ETAOPN  IS  VITHIN  4  HRS,  REPEAT  (4)  WITH  NEW 
ETAOPN. 

D.  IF  THIS  VINDOV  IS  GOOD,  CHECK  NEXT  WINDOW. 

WHEN  ALL  WINDOWS  FOR  A  SPECIFIC  VALUE  OF  ETAOPN  ARE  GOOD,  THAT 
VALUE  OF  ETAOPN  IS  A  VALID  ARRIVAL  TIME;  RETURN. 


C  NOTES  WINDOWS  ARE  ONLY  CHECKED  IN  5-MINUTE  INCREMENTS  TO  PREVENT 
C  EXCESS  TIME  REQUIREMENTS  FOR  SHORTER  INTERVALS; 

C  5  MINUTES  WAS  SHOWN  ON  TEST  RUNS  TO  BE 

C  SATISFACTORY. 

C  THE  CONCEPT  OF  MAX  NUMBER  OF  ARRIVALS  PER  HOUR  CORRESPONDS 

C  TO  THE  CONCEPT  OF  MAX  NO  OF  ACFT  ON  THE  GROUND 

C  (HOG);  IN  MOST  CASES,  THE  TWO  NUMBERS  WILL  BE 

C  THE  SAME  IF  THE  AVERAGE  CROUND  TIME  DOES  NOT 

C  DIFFER  TOO  GREATLY  FROM  AN  HOUR.  THIS  MODEL 

C  ALLOWS  THE  USER  TO  SET  "HOURLY  FLOW  RATES" 

C  WHICH  ARE  SEPARATE  FROM  HOG  LIMITS  AND  WHICH 

C  WILL  BE  USED  BY  THE  SCHEDULER  TO  LIMIT  ARRIVALS 

C  AT  AFFECTED  BASES. 

C  THE  PRIMARY  USE  OF  THIS  CONCEPT  IS  TO  AVOID  LARGE  HOLDING 

C  QUEUES  AT  FORWARD  BASES,  PARTICULARLY  IN  WARTIME. 

C  THE  ENTIRE  59-ENTRY  VECTOR  FOR  A  PARTICULAR  BASE  IS  NOT 

C  ACTUALLY  CHECKED  FOR  EACH  VINDOV;  SUBROUTINE 

C  SETSCH  INCLUDES  A  HOUSEKEEPING  ROUTINE  WHICH 

C  INSURES  THAT  ONLY  CURRENT  ENTRIES  ARE  IN  THE 

C  VECTOR.  THESE  ENTRIES  ARE  FURTHER  STORED  CON- 

C  TIGUOUSLY  IN  THE  FIRST  PART  OF  THE  VECTOR; 

C  THE  END  OF  THE  VALID  ENTRIES  IS  MARKED  WITH  A 


C  ZERO;  ACCORDINGLY ,  WHEN  A  SEQUENTIAL  SEARCH  OF 

C  THE  VECTOR  ENCOUNTERS  A  ZERO.  THERE  ARE  NO 

C  FURTHER  ENTRIES  OF  INTEREST  IN  THE  VECTOR. 

C  ETA  FILES  ARE  NOT  MAINTAINED  FOR  MAIN  BASES: 

C 

SUBROUTINE  ETACHK  <  DEBT , ETAREQ , ETAOPN , ETAFLC > 

COMMON/ SCOM1 /  ATR I B ( 1 0 0 ) ,00(100) , DDL ( 100 ) , DTNOV, 1 1 , MFA, 

MSTOF , NCLNH , NCRDR , NFRNT , NNRUN , NNSET , NTAPE , S3 ( 1 0 0 ) , SSL ( 1 0 0 ) , 
TNEXT , TNOV, E  X ( 1 0  0 ) 

COMMON/ UCQM2 / ETAL ST < 130  > 

INTEGER  ETALST, ZONLST, ETELST, BASLST , MOCLST ( 5 > , MSNETA, 

ETAREQ . ETAOPN . EPTR , NETA , ETAFLC , DEBT 
DATA  MOCLST/98,99,4,2,2/ 

IF  <  XX  <  20  )  .  EQ  .  0  )  THEN 
DO  1  X-1,150 
ETALSTI K ) *0 

I  CONTINUE 
XX  <  20  >a! 

END  IF 

C  SET  ETAFLC  TO  1;  CREATE  EPTR;  INITIALIZE  ETAOPNa ETAREQ 
ETAFLC* 1 

EPTR* ( BEST- 3 ) *  S  0 
ETAOPN* ETAREQ 

C  MAIN  LOOP  FOR  "WINDOW  CHECK"  OF  A  SPECIFIC  VALUE  OF  ETAOPN 
3  DO  10  I .ETAOPN, ETAOPN* 40 , 3 

C  INITIALIZE  NETA-0  FOR  EACH  WINDOW 
NETAaO 

C  FOR  EACH  WINDOW.  CHECK  30-ENTRY  ETALST  VECTOR  AND  INCH  NETA  IF 
C  BED 

DO  11  J-1,30 

IF  ( ETALSTI EPTR* J >  GE  . 11-38) . AND . 

ETALSTI EPTR* . LE . I >  THEN 
NETA*NXTA*l 

IF  (XXI 17) . GE . 9  >  PRINT  NETA* ' , NETA 

END  IF 

IF  (NETA.GE  XX<05*DEST)>  THEN 
ETAOPN- I *3 

C  IF  NEW  ETAOPN  NOT  WITHIN  4  HRS,  GIVE  UP 

IF  (ETAOPN. GT. (ETAREQ* 240) )  THEN 
ETAFLC. 0 
ETAOPN-O 
RETURN 
ENDIF 

C  IF  NSW  VALUE  OF  ETAOPN  WITHIN  4  HRS,  RESTART  MAIN  LOOP  VITH  NEW 
C  XTAOPN . 

CO  TO  3 
ENDIF 

C  IF  NEXT  ENTRY  IN  ETALST  VECTOR  IS  ZERO,  NO  MORE  ENTRIES  OF 
C  INTEREST;  BEGIN  CHECK  OF  NEXT  WINDOW 
IF  <XX<87»  CX.9)  PRINT  *, 

ETACKX  LAST  ENTRY  NR  1 , J, ' *' , ETALST( EPTR* J ) 

IF  < ETALSTI EPTR* J* 1 >  EQ.O)  CO  TO  10 

II  CONTINUE 
10  CONTINUE 

RETURN 

ENO 
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SUBROUTINE  VX(J> 

C  DATA  IS  LOADED  TO  REPRESENT  THIS  MATRIX  (FOR  SEASON  1) 

C  PROBABILITIES  ARE  IN  TENTHS:  FOR  DATA 

C  VX  NOV  a  I  II  III  STATEMENT,  HAKE  ONE  VECTOR  VITH  FIRST 
C  1544  COLUMN  LISTED  FIRST,  THEN  SECOND  COLUMN 

C  VX  TO  BE  II  3  4  5  THEN  THIRD  COLUMN,  THEN  REPEAT  PATTERN 

C  III  2  2  1  FOR  NEXT  SEASON  MATRICES,  ETC. 

C  FOR  RETRIEVAL,  POINTER  IS  ( SEASON-1 > **♦ ( IVX-1 > *!♦ I 
C  >  >  >THIS  FEATURE  OF  THE  MODEL  IS  AVAITINC  VEATHER  DATA  FROM 
C  AIR  VEATHER  SERVICE.  IT  VI LL  EVENTUALLY  HAVE  TEN  SEPARATE 
C  MATRICES,  ONE  FOR  EACH  ZONE  THE  CURRENT  MATRIX  IS  USED 
C  FOR  ALL  ZONES  AND  REPRESENTS  A  ROUGH  APPROXIMATION  OF 
C  VEATHER  CONDITIONS  IN  SOUTH-CENTRAL  ALASKA.  TO  EXPAND 
C  FOR  NEV  ZONES,  USE  COMPUTED  GO  TO  (1  THRU  IQ)  OR  USE 
C  LARGE  DATA  MATRIX  VITH  INDICES  FOR  10  BASES. 

C 

C  VARIABLES: 


V 

I  NT 

HARKOV  PROBABILITY  MATRIX 

SEASON 

I  NT 

SEASON 

TDAY 

I  NT 

TIME  OF  DAY 

Nl,  NZ 

I  NT 

TEMP  PROB  VRBLS 

IVX 

I  NT 

VEATHER  CODE 

X 

REAL 

RANDOM  VARIATE 

C 

COMMON/ 3COM  1/  ATRI B(  100  >  ,DD(100 > .  DDL ( 100 ) . DTNOV,  1 1  ,MFA, 

MSTOP , NCLNR , NCRDR ,NPRNT , NNRUN , NN8ET . NTAFE , 38 ( 1 0 0 ) , 

SSL  < 100) , TNEXT, TNOV, IX ( 100) 

INTEGER  SEASON, TOAY ,IVX,V(J8) 

DATA  V/S  , 3, Z. 4, 4. 2, 4, 5, l, 

3, 3, 2, 3, 4, 3, 2, 0, 2, 

3, 3,2, 0,2,2, 3, 5, 2, 

3, 5,2,3, 4, 3, 2, 0,2/ 

SEASONaXX ( 31) 

TDAYaXX(ZI) 

X-VNFRH(1.  ,10.  ,1) 

C  FOG  CHECK  —  IF  VX  IS  CLEAR  IN  FALL  OR  VINTER,  FOG  IN  POSSIBLE. 
C  FOG  CAN  ONLY  FORM  DURING  EARLY  MORNING  HOURS  (TDAY  ■  00  TO  1Z). 
C  IF  FOG  HAS  FORMED  DURING  THE  00-00  PERIOD,  IT  MAY  "FORM  ACAIN" 

C  FOR  THE  00-12  PERIOD.  IF  FOG  ALREADY  EXISTS  AND  DOES  NOT  "FORM 
C  AGAIN",  IT  BURNS  OFF  (MOST  LIKELY  TO  CLEAR,  BUT  POSSIBLY  TO 
C  MEDIUM  OR  EVEN  LOW  OVERCAST). 

IF  (SEASON. EQ. 2. OR. SEASON. BO. 3)  THEN 
IF  ( IVX . EQ . 1 . OR . I VX . EQ . 4 )  THEN 

IF  (TDAY. GE. 00. AND. TDAY. LT.1Z)  THEN 
IP  (X.LE.4)  THEN 
IVX  >4 
GO  TO  10 
ENDIF 
END  IF 
ENDIF 
ENDIF 

IF  (IVZ.EQ.4)  THEN 
IF  (X.LB.0)  IVXal 
IF  ( X . GT . 0 . AND . X . LE . • )  IVXaZ 
IF  (X.GT.0)  IVX ■ I 


END  IF 

C  REGULAR  VX  ADJUSTMENT  ROUTINE 

N1bV( (SEASON- 1) *•♦< IWX- 1 >  *!♦ 1 > 

NZ-NUV<  < SEASON- 1 >  *t  +  ( IWX  -  1 )  *3  +  1 ) 

IF  (Z. LE.N1 )  THEN 
IVX-1 
GO  TO  10 
END  IF 

IF  (S.LE.N2)  THEN 
IVX-2 
GO  TO  10 
EMDIF 
IVX»3 

IF  <XX<SS> .EQ. 3)  PRINT  1000 ,TNOV,TDAY*100, J, IVX 
10  XX<40*J)»IVX 
RETURN 

1000  FORMAT  ( IX  ,  F7 . 1 , 1 5  ,  ‘  VX  IN  ZONE  MI,'  »  ’,11) 
END 
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VZCHX  --  CHECKS  VZ  AND  THREAT  FOR  A  SPECIFIC  LEC 


INPUT 


OUTPUT  — 


ORIC 

OEST 

CHXTIM 

ZONLST 

ALLVX 

THRT 

VZ 

VZFLG 


LEC  START  BASE  CODE 
LEC  END  BASE  CODE 
TINE  FOR  FTRCHK  CALL 
ZONE  LOOKUP  TABLE 

XX(»l-»5>  --  BASE  INSTRUMENT  APP  COOES 
XX(30-S*>  --  ZONE  THREAT  CODES 
ZZ(«0-4»>  --  ZONE  WEATHER  CODES 
3  ■  NO  TERM  VZ  OR  THREAT  PROBLEMS 


INTERNAL  -- 


CALLS  -- 


ZPTR 

ZONE 

FTRCHX 


1  -  TERM  VZ 

2  -  TERM  VZ 

3  -  TERM  VZ 

4  •  TERM  VZ 

5  >  TERM  VZ 
ZONLST  POINTER 
ZONE  BEING  CHECKED 

EVALUATES  ESCORT  AVAILABILITY  AY  CHKTIH 


OK,  LOW  THREAT  ENROUTE 
OK,  HIGH  THREAT 
BELOV  MINS,  NO  THREAT 
BAD  AND  LOW  THREAT 
BAD  AND  HICH  THREAT 


1.  CREATE  POINTER  FOR  ZONLST 

Z  LOOP  THROUGH  APPROPRIATE  VECTOR  IN  ZONLST.  VECTOR  CONTAINS 
SIZ  ENTRIES;  ZONES  ARE  LISTED  IN  SEQUENCE  FROM  ORIC  TO 
DEBT  (UP  5  ZONES  MAX);  AFTER  LAST  ZONE,  VECTOR  IS  FILLED 
OUT  WITH  ZEROS  (ENTRY  C  IS  ALWAYS  ZERO). 

3.  FOR  EACH  ZONE  IN  VECTOR: 

A.  SET  CURRENT  WEATHER  AND  THREAT  CODES. 

THREAT  INDEX  AND  TERM  VZ  INDEX  «  0 

B.  IF  THREAT  EXISTS,  THEN  CALL  FTRCHK  FOR  E8CORT  AVAIL 

IF  VZ  LOW,  NO  ESCORT,  HICH  THREAT  ■  Z 
IF  VZ  CLR,  NO  ESCORT,  LOW  THREAT  *  X 
IF  VZ  LOV,  WITH  ESCORT,  LOW  THREAT  •  X 

C.  IF  NEXT  ENTRY  IN  VECTOR  IS  ZERO  (CURRENT  ZONE  IS  DEBT 

ZONE)  THEN 

IF  VX  IS  FOG  AND  OEST  HAS  NO  PREC  APPROACH  -  3 
IF  VZ  IS  LOV  CLOUDS  AND  DEBT  HAS  NO  APPROACH  >  3 
VZFLG  ■  THREAT  INDEX  PLUS  TERN  VZ  INDEX 

D.  IF  THIS  VAS  NOT  DEBT  ZONE,  REPEAT  (3)  FOR  NEXT  ZONE 

HIGHEST  THREAT  INDEX  IS  MAINTAINED 


NOTES:  IF  THERE  IS  NO  THREAT  IN  A  ZONE,  THE  MISSION  IS  ASSUMED  TO 
BE  ABLE  TO  TRANSIT  THAT  ZONE  RECARDLESS  OF  THE  WEATHER. 

IF  THREAT  EXISTS,  THIS  ZONE  MUST  BE  TRANSITED  LOV-LEVEL  IF 
POSSIBLE  MIDDLE  CLOUDS  PROVIDE  IDEAL  COVER  AND  NO  ESCORT 
IS  REQUIRED.  CLEAR  WEATHER  LEAVES  SOME  CHANCE  OF  DETEC¬ 
TION  BY  FICHTSRS,  SO  ESCORT  IS  REQUIRED.  FOC  OR  LOV 
CLOUDS  FORCE  FLIGHT  AT  HIGHER  ALTITUDES,  SO  PROBABILITY 
C  IF  DETECTION  IS  HIGH  AND  ESCORT  IS  MANDATORY. 

C  WEATHER  IS  ASSUMED  TO  BE  UNIFORM  THROUGHOUT  A  ZONE. 

C  PRECISION  APPROACHES  ARE  ASSUMED  TO  ALLOW  LANDINGS  IN  FOC. 

C  A  BASE  WITH  NO  APPROACHES  IS  USABLE  ONLY  IF  VEATHER  IS  MIDDLE 

C  CLOUDS  OR  BETTER  (CORRESPONDS  TO  VFR  CONDITIONS). 

C  PREPLANNED  HOLDING  FOR  VEATHER  AT  ANY  BASE  IS  NOT  ALLOWED. 

C  WEATHER  FORECASTING  IS  NOT  ATTEMPTED  —  SCHEDULING  AND  VEATHER 

C  CHECKING  ASSUMES  EXISTING  CONDITIONS  VILL  HOLD  FOR  THE 
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C  NEST  SEVERAL  HOURS  (THIS  IS  REALISTIC  WHEN  OPERATING 

C  IN  A  "LINE- OF -SIGHT"  SCHEDULING  MODE.) 

C 

SUBROUTINE  VECHK(ORIG, DEST.CHXTIH, WXFLC) 

COmON/SCOHl/  ATR I B  ( 1 0  0  ) ,  OD (100) ,  DDK  100)  ,  STNOV,  1 1  ,NPA, 

MSTOP , NCLNR .NCRDR  ,NPRNT ,NNRUN,NNSET,NTAPE , 8S( 100 ) , SSL ( 100 ) , 
TNEXT , TNOV, Z  X ( 1 0  0 ) 

REAL  A , CHKTIH 

INTEGER  ORIG , DEBT , E8CTHP , VEFLG, ALLVE , THRT, ZPTR , ZONE , 

FTRFLG , WX , ZONLST( ISO) 

DATA  ZONL8T/ 1,5*0, 1.2, 4*0, 1,0, 10, 3*0. 1,0, 10, 0,2*0, 1,3, 4. 3*0, 

2, 2. 1,3*0 ,2,3*0, 2,10,4*0, 2,10,1,3*0,2,1, 4, 3*0, 

10, 1, 1,3*0, 10. 2, 4*0, 10, 3*0, 10, 0,4*0, 10,3,4, 3*0, 

I, 10, 0,1, 2*0, 0,1 0,2, 3*0, 0,10, 4*0, 0,5*0, 0,5, 4, 3*0, 
4, 3, 1.3*0, 4, 0,2, 3*0, 4, 3, 10. 3*0, 4. 5, 0,3*0, 4, 3*0/ 

WXFLC. 0 

C  SET  ALLVE  AND  ZPTR 

ALLVX-XX(DEST.OO) 

ZPTR. ( OR  I G- 1 ) *  3  0 ♦ ( DEST- 1 ) • 0 
C  LOOP  THROUGH  ZONES 
DO  10  1*1,0 

C  FIND  NEST  ZONE,  SET  WEATHER  AND  THREAT 
ZONE- ZONL ST( ZPTR. I I 
VZ> EE (ZONE. 40  > 

THRT-ZZ(ZONE.SO) 

C  CHECE  FOR  THREAT/ VE ATHER / ESCORT 

IF  (VX.NE.  Z. AND. THRT. EQ.  1)  THEN 
CALL  FTRCHE( ZONE, CHXTIH, FTRFLG) 

IF  (VXFLC.EQ.0)  THEN 

IF  (WE. EQ.l. AND. FTRFLG. EQ . 0 >  VXFLC-1 
IF  (VZ . GE . 3 . AND. FTRFLC .EQ.l)  VZFLG.l 
IF  (VE.GE. 3. AND. FTRFLC. EQ.0)  WXFLC. 2 
END  IF 

IF  ( VEFLG. E0.1)  THEN 

IF  (VE.GE. 3. AND. FTRFLC. EQ.O)  VXFLG-X 
ENDIF 
END  IF 

C  DESTINATION  VE  CHECX:  IF  THIS  IS  NOT  THE  LAST  ZONE  (NEXT  VECTOR 
C  ENTRY  IS  NOT  ZERO),  BYPASS  AND  CHECX  NEXT  ZONE. 

IF  (ZONLST(ZPTR.I.l) .EO.O)  THEN 
C  IF  FOG,  NEED  PRECISION  APPROACH 
IF  (VS. EQ.O)  THEN 

IF  (ALLVE. NS. Z)  GO  TO  00 
ENDIF 

C  IF  LOV  CLOUDS,  NEED  ANY  APPROACH 
IF  (VX.EQ.3)  THEN 

IF  (ALLVE. EQ.O)  GO  TO  00 
ENDIF 

C  IF  DEST  APPROACH  SUITS  DEST  VE ,  LEC  IS  "SCKEDULABLE" 

RETURN 
ENDIF 
10  CONTINUE 
C  ES1T  8LOCX  FOR  TERN  VE 
00  VXFLC.VZFLC. 3 

RETURN 
END 
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SUBROUTINE  PTRCHX ( ZONE ,TCHK , FTRFLC) 

C  GIVEN  INPUT  OP  ZONE  AND  TINE,  RETURNS  FTRFLGaO  IP  NO  ESCORT 
C  OR  FTRFLCal  IP  ESCORT  AVAILABLE.  ASSUMES  ESCORT  AVAILABILITY 
C  VILL  BE  SIMILAR  FROM  DAY  TO  DAY.  DATA  IS  REOUIREO  FOR  BACH 
C  HOUR  AND  EACH  ZONE  FOR  ONE  DAY  (TOTAL  140);  0  a  NO  ESCORT. 

C  1  >  ESCORT  AVAILABLE.  IF  ZZ(30)a0,  FTRCHK  VILL  BE  0  FOR  ALL 
C  CHECXS ;  IF  ZE(3«>>1,  ALL  CHECKS  VILL  RETURN  1;  IF  XX(X0)aZ. 

C  DATA  ARRAY  VILL  BE  CONSULTED  AND  APPROPRIATE  VALUE  RETURNED. 
COHHON/SCOM1/  ATRIB ( 100), DD (100), DDL ( 100 > . DTNOV, 1 1, MPA, 
MSTOF.NCLNR ,NCRDR,NPRNT,NNRUN,NN8ET,NTAPE ,SS( 100  > , 

SSL (100) ,TNEZT,TNOV, ZZ( 100) 

INTECER  FTRFLG , ZONE .HOUR , FTR ( Z40 > 

C  EXPAND  THIS  DATA  STATEMENT  TO  USB  VARYINC  ESCORT  FEATURE: 

C  FILL  IN  ZONE  1  (ALL  Z4  HOURS),  THEN  ZONE  Z  (14  HOURS),  ETC. 

DATA  FTR/ Z40*l/ 

IF  (ZEOS)  EQ.O)  THEN 
FTRFLGaO 
RETURN 
SHDir 

IF  (ZEOS)  .SO. 1)  THEN 
FTRFLCal 
RETURN 
END  IF 

HOURa ( AMOD(TCHK, 1440 . ) *Z4  > ♦XE ( ZB > 

IF  (HOUR . CT. Z4 )  HOUR -HOUR- Z« 

IPTRa( (ZONE-1) »Z4> 

IF  (FTR(IPTR*HOUR) . EO. 0)  THEN 
FTRFLGaO 
ELSE 

FTRFLCal 

ENDIF 

RETURN 

END 

SUBROUTINE  THREAT 

C  CALLED  BY  CLOCX  AT  MIDNIGHT;  READS  THREAT  FOR  APPROPRIATE  DAY  FOR 
C  EACH  ZONE  AND  SETS  CORRESPONDING  GLOBAL  VARIABLES;  CAN  STORE  DATA 
C  FOR  UP  TO  tl  DAYS.  DAYS  ARE  "REAL*  DAYS  BASED  ON  SIMULATED  START 
C  TIME.  USER  MUST  LOAD  THREAT  DATA  STATEMENT  (TOTAL  OF  Z10  ENTRIES). 
COMMON /S CONI /  ATR1B( 100 > , DD( 100 > ,DDL( 100) , DTNOV, 1 1 ,HFA, 

MSTOP . NCLNR , NCRDR , NPRNT , NNRUN , NNSBT . NTAPE , 88 ( 1 0  0 ) , SSL ( 1 0  0 ) , 
TNEET,TNOV,EE(100) 

INTEGER  T(Z10) , DAY 

C  EXPAND  THIS  DATA  STATEMENT  TO  USE  VARYINC  THREAT  FEATURE: 

C  FILL  IN  ZONE  1  (ALL  XI  DAYS),  THEN  ZONE  Z  (Z1  DAYS).  ETC. 

DATA  T/Z10«0/ 

DAYaXXOO) 

IF  (DAY.GT.Z1)  DAYaZl 
DO  10  Ial,10 

EX(30«I)aT((!-l)*Zl+DAY) 

10  CONTINUE 
RETURN 
END 
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C  SUBROUTINE  MXMAIN  (MAIN  BASE  NAINTENANCE  EVENT)  IS  MANDA- 
C  TORY  FOR  SACK  ACFT  ON  COMPLETION  OF  MAIN  BASE  1  OFFLOAD. 

C  ENCINES,  PROPS,  AND  OTHER  SYSTEMS  (GEAR,  AVIONCS,  ETC.)  ARE 
C  CHECKED  IF  ENROUTE  ABORTS  HAVE  INDICATED  PROBLEMS  WITH  THESE 
C  SYSTEMS.  ALL  THREE  SYSTEM  CATEGORIES  ARB  ALSO  CHECXED  ON  A 
C  RANDOM  BASIS  TO  SIMULATE  PROBLEMS  WHICH  WOULD  BE  DETECTED  ON 
C  SHUTDOWN  AND  THRUFLIGHT  INSPECTION  AT  HOME  BASE. 

C  SINCE  ALL  AIRCRAFT  ARE  CONSTRAINED  TO  UNDERCO  MAINTENANCE 
C  AND  REFUELINC  ON  EACH  ARRIVAL  AT  HOME  BASE,  EACH  AIRCRAFT  WILL 
C  BE  ASSIGNED  A  MAINTENANCE/REFUELINC  TIME  ON  PASSACE  THROUGH 
C  THE  MAINTENANCE  EVENT.  ALL  AIRCRAFT  MUST  UNDERCO  MINOR 
C  MAINTENANCE  AND  REFUELINC,  AND  HAY  EXPERIENCE  ADDITIONAL 
C  SYSTEM  PROBLEMS  IN  ONE  OR  MORE  OF  THE  THREE  CATEGORIES  LISTED. 

C  FOR  ENGINES  AND  PROPS,  A  PROBLEM  CAN  BE  RESOLVED  IN  TWO 
C  WAYS  —  MAJOR  ASSEMBLY  REPLACEMENT  (ENCINE/PROP  CHANGE)  OR 
C  ON-AIRCRAFT  REPAIR.  IF  REPLACEMENT  IS  INDICATED,  THE 
C  REQUIRED  ITEM  IS  DEDUCTED  FROM  THE  INVENTORY  OF  AVAILABLE 
C  SPARES ;  IF  THERE  ARE  NO  MORE  SPARES,  THE  AIRCRAFT  MUST  CO 
C  NORS  AND  BE  DEADLINED .  SINCE  THIS  MODEL  DOES  NOT  SIMULATE 
C  REPLENISHMENT,  NORS  AIRCRAFT  ARE  PERMANENTLY  GROUNDED  AND 
C  USABLE  PARTS  ARE  CANNIBALIZED  AND  USED  TO  REPLENISH  SPARE 
C  INVENTORIES.  (CURRENTLY  ONLY  ENCINES  AND  PROPS  ARE  TRACKED 
C  IN  THIS  MANNER.)  IF  THE  PART  IS  AVAILABLE  OR  IF  ON-AIRCRAFT 
C  MAINTENANCE  IS  INDICATED,  A  REPAIR  TIME  IS  ASSIGNED  IN  ADDITION 
C  TO  THE  MINOR  MX/REFUELINC  TIME. 

C  FOR  PROBLEMS  INDICATED  IN  THE  ‘‘OTHER"  CATEGORY,  PARTS  ARE 
C  NOT  TRACKED  AND  AN  AIRCRAFT  CANNOT  BE  CROUNDED  FOR  PROBLEMS 
C  INVOLVING  ONLY  THESE  SYSTEMS.  HOWEVER,  AN  AIRCRAFT  CAN  BE 
C  PLACED  IN  DEGRADED  (PARTIALLY  MISSION  CAPABLE.  OR  PNC)  STATUS 
C  IF  REPAIRS  CANNOT  BE  EFFECTED.  IN  THIS  MODEL,  PROBLEMS  IN 
C  THE  "OTHER"  SYSTEM  GROUPING  ARE  HANDLED  ON  A  FIX-NOW  OR  FIX-LATEI 
C  BASIS.  ONCE  THE  PROBLEM  IS  INDICATED  (EITHER  BY  ABORT  OR  RANDOM 
C  SAMPLING)  IT  IS  EITHER  FIXED  OR  NOT  FIXED;  IF  FIXED.  AN  ADDITIONAL 
C  REPAIR  TIME  IS  ASSIGNED  AND  THE  AIRCRAFT  AGAIN  BECOMES  FULLY 
C  MISSION  CAPABLE  (FHC) .  IF  NOT  FIXED,  A  SMALL  "TROUBLESHOOTING" 

C  TIME  IS  ASSIGNED  AND  THE  AIRCRAFT  IS  RELEASED  BACK  INTO  THE 
C  SYSTEM  IN  A  DEGRADED  STATUS  (ATRIB(Z)-Z) .  EACH  TIME  A  PMC 
C  AIRCRAFT  PASSES  THROUGH  NAINTENANCE,  IT  IS  AUTOMATICALLY  ROUTED 
C  THROUGH  THE  FIX/NO-FIX  ROUTINE  AND  ONCE  AGAIN  MAY  OR  HAY  NOT  BE 
C  REPAIRED.  PMC  AIRCRAFT  ARE  ALSO  GIVEN  A  50-90  CHANCE  TO  RETURN 
C  TO  MAINTENANCE  FROM  SCHED  IF  NOT  SCHEDULED  FOR  A  MISSION. 

C  (IN  THIS  WAY,  PNC  AIRCRAFT  CAN  RETURN  TO  FMC  STATUS). 

C  NOTE:  IF  AN  AIRCRAFT  HAS  A  PROBLEM  WITH  ENCINES  OR  PROPS,  ANY 
C  PREVIOUS  PROBLEMS  IN  THE  "OTHER"  CATEGORY  ARE  CONSIDERED  FIXED 
C  AT  THE  SAME  TIME  AS  THE  ENGINE  OR  PROP  PROBLEM,  THUS  RETURNING 
C  THE  AIRCRAFT  TO  FMC  STATUS  UNLESS  MORE  "OTHER"  CATEGORY  PROBLEMS 
C  ARE  SUBSEQUENTLY  "DISCOVERED”  BY  THE  RANDOM  SELECTION  PROCESS. 
REFUELING  TIME  IS  ADDED  TO  ANY  MAINTENANCE  SERVICE  TIME; 
OFFLOAD,  MAINTENANCE,  AND  REFUELING  OPERATIONS  MAY  NOT  BE 
C  CONCURRENT,  ALTHOUCH  ANY  NUMBER  OF  AIRCRAFT  NAY  BE  SERVICED 
C  SIMULTANEOUSLY  IN  ANY  ACTIVITY.  THE  RANDOM  PROBABILITY  OF  A 
C  MAJOR  SYSTEM  PROBLEM  (IF  SUCH  A  PROBLEM  IS  NOT  ALREADY  INDICATED 
C  BY  PREVIOUS  ABORT  STATUS)  IS  15%,  BROKEN  DOWN  INTO  4%  EACH  FOR 
C  ENGINES  AND  PROPS  AND  7%  FOR  "OTHER".  THE  PROBABILITY  OF 
C  REPLACEMENT  FOR  ENCINES  AND  PROFS  (GIVEN  A  PROBLEM)  IS  10% 
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C  FOR  EACH.  PROBABILITY  OF  REPAIR  FOR  A  PROBLEM  IN  "OTHER" 


C 

(• 

SYSTEMS  (CIVEN 

A  PROBLEM) 

IS  50%. 

V 

c 

VARIABLES: 

C 

A(  40 ) 

REAL 

AIRCRAFT  ATR IBS 

c 

NACFT 

I  NT 

ACFT  ID  NUMBER 

c 

GNDTIM 

REAL 

TIKE  SINCE  ARRIVING  IN 

c 

OFFLOAD  AREA 

c 

FIETIM 

REAL 

CUMULATIVE  REPAIR  AND 

c 

REFUEL  TIME 

c 

FUEL 

REAL 

FUEL  USED 

c 

XI, XX, XI, 

c 

Z1  ,ZX,X3 

REAL 

RANDOM  VARIATES 

C 

SUBROUTINE  HEMAIN 

COMMONfSCONl  /  ATRIB(IOO)  ,  DD(  100)  ,  001(100  > ,  DTNOV,  1 1  ,MFA, 

MSTOP , NCLNR , NCRDR , NPRNT , NNRUN , MKSET . NTAPE , SB (1 0 0 ) , 

SSL ( 100  > ,TNEET, TNOV, ZE ( 1 00  > 

REAL  A(  40 ) 

NACFT- ATR I B  < I > 

C  CHECK  FOR  MISSION  COMPLETION  (MISSION  IS  COMPLETE  AT  HOME  BASE 
C  ON  COMPLETION  OF  OFFLOAD  AND  PRIOR  TO  BEGINMXNC  OF  MX  TIME) 

IF  (ATRIB07)  .EO.O)  ATRIBI  17>-l»»l» 

IF  ( ATR I B (  Z 3 )  .  EQ  .  0  )  CALL  MTRACEU4) 

C  SET  A. ATR IB  FOR  CONVENIENCE 
DO  S  1-1,40 

A< I )«ATRIB( I > 

3  CONTINUE 

C  ALL  ACFT  REQUIRE  MINOR  MX  (3  TO  10  MINI 
A( 17) -UNFRM( 3 . , SO. , 1) 

GNDTIM-TNOV-A(4) 

X1-UNFRH<  0 . ,100.  ,1) 

X2-UNFRH ( 0 .  ,100.  ,1) 

X3-UNFRM( 0 . ,100. ,  1) 

Z1 -UNFRM ( 0 . ,100. ,1) 

ZX-UNFRM(0. ,100. ,1) 

XI -UNFRM (0  ,100  .  ,1) 

C  CHECX  ENGINES  IF  All-1  (ABORTED  FOR  ENGINE) 

IF  (A(ll> . EQ.1.0R.X1.LE.4)  THEN 
C  NOT  VINTER 

IF  (XX(S1)  NE.l)  THEN 

C  IF  ENGINE  CHANGE,  CHECX  SNCINES  IN  STOCK; 

IF  (Z1.LE.10)  THEN 

C  IF  NONE  IN  STOCK,  PRINT  NORS  MSC  AND  CAN  GOOD  PARTS 

IF  (XX(S) .EQ.0)  THEN 

IF  (XX(II) . CE . 1)  PRINT  1000, TNOV , NACFT 
XX(3>-XX(1>+I 
XX(4)-XX(4>*4 
CO  TO  Bit 
ENDIF 

C  IF  ENG  AVAIL,  DECK  STOCK,  SET  FIETIM,  PRINT  MSG 

XX(1)-XX(1)-1 

FIXTIM-TRIACdtO  .  ,140.  ,410.  ,1) 

IF  ( XX( It > . GE . 1 )  PRINT  1001 , TNOV, XX( 1) .FIETIM, NACFT 
A( 17)-A( 17) ♦FIETIM 
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C  FOR  NON-ENCINE  CHANGE ,  SET  FIXTIN 

F I XTIMaTR I  AC ( 0 . ,30  ,110  ,1) 

A(17)aA( 17WFIXTIN 
END  IF 
END  IF 

C  REPEAT  FOR  VINTER  (LONGER  REPAIR  TINES) 

IF  (XX(  31)  . EQ. 3)  THEN 

C  IF  ENGINE  CHANCE.  CHECX  ENGINES  IN  STOCK; 

IF  (Z1.LT.10)  THEN 

C  IF  NONE  IN  STOCK,  PRINT  NORS  NSC  AND  CAN  GOOD  PARTS 

IF  (ZX ( 3 )  EQ. 0)  THEN 

IF  (XX(33).GE.l)  PRINT  3000 ,TNOV,NACFT 
XX( 3)aXX(3)+3 
XX ( 4 ) aXX ( 4 ) +4 
CO  TO  SOI 
END  IF 

C  IF  ENG  AVAIL,  DECK  STOCK,  SET  FIXTIN,  PRINT  NSG 

XX ( 3)aXX(3)-l 

FIXTIHaTRI AC( 120 . , 380. ,720,1) 

IF  (XZ<  08 ) . CE . 1 >  PRINT  3001 ,TNOV. XX( 3 ), FIXTIN, NACFT 
A(  17 ) aA( 17) *F IXTIH 
ELSE 

C  FOR  NON-ENGINE  CHANGE,  SET  FIXTIN 

FIXTIN-TRIAC(0. ,40. ,210. ,1) 

A(17)aA(17>4.FIXTIH 
END  IF 
END  IF 
A(2)-l 
END  IF 

C  REPEAT  FOR  PROFS 

IF  (A(I8). EQ. 4. OR. X2. LB. 4)  THEN 
C  NON- WINTERTIME 

IF  <XZ<  31)  .NS. 3)  THEN 

C  IF  PROP  CHANGE,  CHECX  PROPS  IN  STOCX; 

IF  (Z2.LT.10)  THEN 

C  IF  NONE  IN  STOCK,  PRINT  NORS  NSC  AND  CAN  GOOD  PARTS 

IF  (XX ( 4) . EQ . 0 )  THEN 

IF  (XX(IO) . GE . 1)  PRINT  4000 ,TNOV, NACFT 
XX (  3 )>XX ( 3 ) 44 
Xl(4)aXX(4)>3 
GO  TO  ••• 

END  IF 

C  IF  PROP  AVAIL,  DECR  STOCK,  SET  FIXTIN,  PRINT  NSG 

XZ(4)aXX(4)-l 

FIXTIH-TRIAGtUO.  ,240.  ,410.  ,1) 

IF  (XX(OO).GB.l)  PRINT  4001, TN0V,XX(4), FIXTIN, NACFT 
A( 17)aA( 17) ♦FIXTIN 
ELSE 

C  FOR  NON-PROP  CHANCE,  SET  FIXTIN 

FIXTINaTRIAG(0. ,30. ,120. ,1) 

A( 17) aA( 17) ♦FIXTIN 
END  IF 
KHDlt 

C  REPEAT  FOR  VINTER 


IF  <XX<  31) . EQ. 3)  THEN 

C  IF  PROF  CHANCE,  CHECK  PROPS  IN  STOCK; 

IF  <XX.LT.10>  THEN 

C  IF  NONE  IN  STOCK,  PRINT  NORS  NSC  AND  CAN  GOOD  PARTS 

IF  (XX (4) . EQ.0>  THEN 

IF  (XX(00> . GE . 1)  PRINT  4000, TNOV.NACPT 
IX<  3>»XX< J>+4 
XX  <  4) aXX  <  4  >  +3 
GO  TO  Oil 
END  IF 

C  IF  PROP  AVAIL,  OECR  STOCK,  SET  FIXTIH,  PRINT  NSC 

XX  <  4 )aXX <4  > -1 

F I  XT I HaTR I AG  <  1 2  0 . ,  380 . ,7X0  .  ,  1 > 

IF  <XX<88>  GE. 1)  PRINT  4001, TNOV,XX(4> .FIXTIM.NACFT 
A< 17  >  a A( 17  >  *F l XTIK 
ELSE 

C  FOR  NON-PROP  CHANGE,  SET  FIXTIH 

FIXTIM-TRIAC<0. ,40. ,210. ,1) 

A( 17>aA( 17>+FIXTIM 
END  IF 
END  IF 
A( 2 ) a  1 
END  IF 

C  CHECK  FOR  OTHER  SYSTEMS 

IF  (A(18).EQ.3.0R.A(2).EQ.2.0R.X3.LE.7>  THEN 
C  NON-WINTERTIME 

IF  (ZXOl)  NE.  J>  THEN 

C  REPAIR  POSTPONED;  ACFT  TO  DEGRADED  STATUS 

IF  (Z3.LE.30)  THEN 

FIXTIM-TRI A6<  0 . , 20 . ,40. ,1) 

A<2>-2 

A< 17)aA( 17) ♦FIXTIH 

C  REPAIR  NOV;  ACFT  RETURNED  TO  FMC  STATUS 

ELSE 

F I XTIM-TRI AG( 13 . ,00. ,120. ,1> 

A(2)al 

A< 17>aA< 1 7 ) *F I XTIM 
END  IF 

C  WINTERTIME 

ELSE 

C  REPAIR  POSTPONED;  ACFT  TO  DECRADED  STATUS 

IF  < Z3 . LE . 30  >  THEN 

FIXTIMaTRIAGIO. , 40. ,00. ,1> 

A<2>-2 

A< 17)aA< 17) ♦FIXTIH 

C  REPAIR  NOV;  ACFT  RETURNED  TO  FMC  STATUS 

ELSE 

FIXTIM-TRI AC ( 30 . ,120. ,240. ,1) 

A<2>-1 

A< 17>aA( 17 > ♦FIXTIH 
END  IF 
XNDIF 
END  IF 

C  REFUEL  EASED  ON  FUEL  IURN  RATE  OF  4000  LIS/HR  (73  LBS/HIN)  AND 
C  REFUEL  RATE  OF  1200  LBS/NIN  WITH  11  MIN  CONM/DISCONN  TIMS 
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C  ALL  ACFT  LEAVE  HOME  BASE  VITH  50800  LBS/ 11  HRS  FUEL. 

FUEL>A( 3 ) *75 
CALL  COLCT( FUEL . 1 > 

CALL  COLCT(A(3) ,2) 

A< 17 ) «A( 17 ) +10  + FUEL/ 1  ZOO 

C  UPDATE  TOTAL  ACFT  FLT  TIME  (FOR  UTILIZATION  RATE  STATISTICS); 

C  RESET  MSN  FLY  TIME,  ACFT  BECIN-MZ  HARK  TINE,  ROUTING  SWITCH, 

C  AND  ABORT  SYSTEM  (MZFAIL)  FLAC. 

A<3)«A(3)+A( 3) 

A<  3 )a0 

IF  <A(18)  EO. 100)  A ( 1 ) -TNOW 

A<11>«0 

A( II >  al 

A<10)-0 

C  CHANCE  A  TO  ATRIB 
DO  ZO  1-1,40 

ATRIB < I )>A( I ) 

20  CONTINUE 
RETURN 

C  FOR  NORS  ACFT,  SET  SWITCH  TO  RETURN  CREW  TO  CREW  REST,  ACFT  TO 
C  DEAD  FILE;  DECREMENT  ACFT  IN  SYSTEM 
019  A( If ) -0 

DO  1000  1-1,40 
ATRI B< I ) *A< I ) 

1000  CONTINUE 

ZX(1).ZX(1)-1 

C  IF  NORS  ACFT  MSN  NOT  COMPLETE,  ENTER  CONTINUATION  MISSION 
IF  (ATRIB!  2D.GE.1)  THEN 

ATRIBI 21 )-AMAXl < ATRIBt  21 ) , ATRI B( 22) , ATRIB( 23  > ) 

CALL  RESCH 
ENDIF 
RETURN 

1000  FORMAT  UX.PT.l,'  ACFT  NORS  FOR  ENGINE  --  ACFT#  ’,12) 

1001  FORMAT  < IX , F7 . 1 , '  ENGINE  CHANGE,  ',FI.O,'  REMAINING , ' , 

•  F I  XT I H- ' , F  5 . 0 , '  ACFTI  ',12) 

4000  FORMAT  <1X,F7.1,'  ACFT  NORS  FOR  PROPS  —  ACFT*  Ml) 

4001  FORMAT  <1X,F7.1,'  PROP  CHANCE,  ',F1.0,'  REMAINING,', 

•  FIXTIM-' ,F5 . 0 , *  ACFT#  ',12) 

END 
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C  SUBROUTINE  RESCUE  HANDLES  AIRCRAFT  CROUNDED  ENROUTE 
C  MANY  C-I30  ENGINE  AND  PROPELLER  PROBLEMS  OCCUR  ON  ENCINE 
C  SHUTDOWN  OR  START.  FOR  THIS  REASON,  SHUTDOWN  FOR  OFFLOAD 
C  OR  ONLOAD  AT  ISOLATED  BASES  WITH  AUSTERE  FACILITIES  IS 
C  NORMALLY  DISCOURAGED,  PARTICULARLY  IF  GROUND  TIMES  CAN 
C  BE  KEPT  REASONABLE  (LESS  THAN  30  TO  43  MINUTES)  THIS 
C  PROBLEM  IS  AGGRAVATED  IN  COLD  WEATHER  WHEN  ENCINES/ PROPS/ 

C  HYDRAULICS  ARE  SHUT  DOWN  LONC  ENOUGH  TO  BECOME  COLD-SOAKED. 

C  IF  PROBLEMS  ARE  SEVERE  ENOUGH,  THE  AIRPLANE  MAY  BE  GROUNDED 
C  AND  MAY  REQUIRE  MAINTENANCE  FROM  HOME  BASE,  WHICH  IN  TURN 
C  USUALLY  REQUIRES  THAT  A  SPECIAL  MISSION  BE  GENERATED;  SUCH 
C  MISSIONS  ARE  COMMONLY  KNOWN  AS  “RESCUE"  MISSIONS.  PROBLEMS 
C  NOT  SERIOUS  ENOUGH  FOR  GROUNDING  MAY  REQUIRE  THAT  THE  AIR- 
C  CRAFT  BE  ABORTED  TO  HOME  BASE,  OR  MAY  SIMPLY  RESULT  IN 
C  EXTRA  DELAY  FOR  TROUBLESHOOTING  AND  POSSIBLY  A  QUICX  FIX 
C  BY  THE  CREW. 

C  THIS  MODEL  ASSUMES  THAT  ENCINES  ARE  SHUT  DOWN  IF  GROUND 
C  TIME  EXCEEDS  43  MINUTES  THE  AIRCRAFT  RUNS  A  RISK  OF  TROUBLE 
C  ON  BOTH  SHUTDOWN  AND  START,  WITH  DIFFERING  PROBABILITIES  FOR 
C  EACH  SITUATION  AND  FOR  WINTER  AND  NON-WINTER  CONDITIONS. 

C  IF  THE  PROBLEMS  DO  NOT  REQUIRE  ABORT  OR  GROUNDING,  THE  AIR- 
C  CRAFT  IS  SIMPLY  DELAYED  BEFORE  RESUMINC  ITS  SCHEDULED  MIS8ION. 
C  IF  THE  PROBLEMS  DO  NOT  REQUIRE  GROUNDING  BUT  DO  REQUIRE  AN 
C  ABORT  TO  HOME  BASE,  THE  AIRCRAFT  IS  BOTH  DELAYED  AND  REROUTED 
C  DIRECTLY  HOME. 

C  AN  ABORTINC  AIRCRAFT  WILL  COMPLETE  OFFLOAD  (IF  ANY),  BUT 
C  WILL  NOT  ONLOAD  UNLESS  THE  LOAD  IS  FOR  HOME  BASE.  IF  THE 
C  AIRCRAFT  IS  ALREADY  LOADED  (NORMALLY  THE  CASE  FOR  START 
C  PROBLEMS)  THE  LOAD  IS  KEPT  ON  BOARD  —  EXPERIENCE  HAS  PROVEN 
C  THAT  MISSIONS  CAN  USUALLY  BE  REROUTED  MORE  EFFICIENTLY  FROM 
C  HOME  BASE,  AND  THAT  A  PROBLEMS  ALLOWING  TAKEOFF  RARELY  REQUIRE 
C  THAT  THE  AIRCRAFT  BE  EMPTY.  (HOWEVER,  THE  MODEL  ASSUMES  THAT 
C  THE  ABORTING  AIRCRAFT  WILL  REQUIRE  MAINTENANCE  AT  HOME  BASE, 

C  AND  ACCORDINGLY  CAUSES  ALL  ABORTING  AIRCRAFT  TO  BE  DOWN 
C  LOADED  AT  HOME  BASE.)  IF  THE  AIRCRAFT  HAS  NOT  BEGUN  LOADING 
C  (PROBLEMS  OCCURINC  ON  SHUTDOWN) 

C  IF  THE  AIRCRAFT  IS  GROUNDED,  IT  IS  FIRST  DOWNLOADED  (WITH 
C  A  30-MINUTE  DELAY  TO  SIMULATE  THE  NORMAL  UNCERTAINTY  EXISTINC 
C  BEFORE  DECIDING  THAT  THE  AIRPLANE  IS  INCAPABLE  OF  FLIGHT). 

C  AFTER  DOWNLOADING,  A  RESCUE  MISSION  IS  REQUESTED  FROM  HOME 
C  BASE.  ON  ARRIVAL  OF  THE  RESCUE  MISSION,  THE  "RESCUER"  OFF- 
C  LOADS  THE  MAINTENANCE  LOAD  AND  BECOMES  FREE  FOR  SCHEDULING. 

C  THE  *RESCUEE"C  THEN  BECINS  TO  MAXE  REPAIRS  (WHICH  ARE  USUALLY 
C  LENGTHY,  PARTICULARLY  IN  WINTER).  ON  COMPLETION  OF  REPAIRS, 

C  THE  REPAIRED  AIRCRAFT  RETURNS  TO  HOME  BASE  WITH  THE  NAIMTEN- 
C  ANCE  PACKACE  ON  BOARD. 

C  IN  THIS  MODEL,  SUBROUTINE  CONTIN  CHECKS  FOR  SHUTDOWN 
C  PROBLEMS  AND  SUBROUTINE  REBTRT  CHECXS  FOR  START  PROBLEMS; 

C  SEE  CONTIN  AND  RESTRT  FOR  CONDITIONS  AND  PERCENTAGES  USED. 

C 

C  VARIABLES: 

LOC  INT  CURRENT  ACFT  LOCATION 

NACFT  INT  ACFT  ID  NUMBER 

C  A < 4 0 )  REAL  ATRIBB  FOR  RESCUE  MISSION 

C 
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If 
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SUBROUTINE  RESCUE 

COMMON/ SCON  1 /  ATRI B( 100) ,DD( 100) , DDK  100) , DTNOV, I  I ,NFA, 
NSTOP ,NCLNR , NCRDR , NPRNT , NNRUN , NNSET ,NTAPE ,38(100), 
SSL ( 100 ) , TNEXT, TNOW , ZZ ( 100 ) 

REAL  A (40) 

LOCaATR I B ( 1 S ) 

NACFT. ATR I B ( 9  > 

C  NEWLY  CROUNDED  AIRCRAFT  HAS  COMPLETED  OFFLOAD;  RETURN 
C  MISSION  TO  CURRENT  BASE  MISSION  FILE  FOR  PICXUP  BY 
C  OTHER  AIRCRAFT. 

IF  ( XX( 83 ) . GE . 1 )  PRINT  3 000 , TNOW,NINT( ATRIB ( 37 ) ) , LOC, 
ATR IB ( IS  > , NACFT 
IF  (ATRIB(IS) ,NE1)  THEN 
IF  <ATRIB< 11) . EQ.  1)  THEN 
CALL  RESCH 

ATRIB<37)-90000+LOC*100Q+XX(30)*100*XX(Z6> 

END  IF 

C  SET  UP  AND  REQUEST  RESCUE  MISSION 
DO  10  1-1,40 
A< I ) a0 

10  CONTINUE 

A  < 1 ) a TNOW 

IF  (LOC.CE.4)  AC). I 
IF  (LOC. LEO  A(  2  )-2 

A(3)«83000+LOC*1000+XX(30)*100+XX(26) 

A(4)a* 

A ( 3 ) .0 
A(20)al 
A(21)a8 
A ( 22  >.S 
A ( 2  3 ) aLOC 

CALL  SCHDL (2,0. ,A> 

IF  (XX(98>  CE. 1>  PRINT  1000,  TNOV,NINT( A( 3 > > , 

NINT( ATRIB( 37 ) ) , LOC , NACFT 
C  ROUTE  AIRCRAFT  TO  AWAIT-RESCUE  LOOP 
ATRZB< 19 ) *1 
ATRI B< 16  >.1 
RETURN 
END  IF 

C  RESCUED  AIRCRAFT  BEGINS  REPAIRS;  SET  REPAIR  TIME,  LOAD 
C  AIRCRAFT  WITH  MAINTENANCE  PACKAGE ,  AND  ROUTE  TO  HOME 
C  BASE 

IF  ( ATR I B ( 1 8 )  EQ.l)  THEN 
IF  <  XX ( 31)  NE. 3)  THEN 

IF  ( ATRI S( IS > . EQ . 3  >  ATRI B( 17) a 

TRIAG(240. ,460. ,720. ,1) 

IF  < ATR!B( 18) . EQ. 4)  ATRIB ( 17 ) . 

THIAGU80  .  ,160  .  ,600.  ,  1) 

IF  ( ATRIB ( 18 ) . EQ . S )  ATRIB(17>- 

TRIAGC80.  ,380.  ,600.  ,  1) 

ELSE 

IF  (ATRIB(IB) . EQ. 3)  ATRI B( 17 ) ■ 

TRIAGC00.  ,720.  ,1200.  ,1) 

IF  ( ATRIB ( 1 8 ) . EQ . 4  >  ATR I B( 17 ) a 

TR1AC(240. ,7X0. ,1200. ,1) 
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IF  <ATRIB< II) . EQ. 3)  ATRIBU7). 

TR!AG!240.,4I0  ,720  ,1) 

END  IF 

IF  <XX!II>  GE.l)  PRINT  2000,  TNOW.LOC. 

ATRIBC 17 ) ,NACFT 

ATR I B ( 1 1 ) *  2 
ATR IB! 12)aL0C 
ATRIB(13)>B 
ATR I B  < 14 ) »B 
ATRIB(i3)»l 
ATR I B  < 1I)>0 
RETURN 
ENDIF 

1000  FORMAT! IX , F7 . 1 , 1  RESCUE  HBN  '.IS,1  INPUT  FOR  MSN  ', 

13,'  AT  BASE  ',11,'  ACFTi  Ml) 

2000  FORMAT!  IX,  F7 . 1,  *  RESCUE  MSN  OFFLOADED  AT  BASE  Ml, 

'  —  FIXTIMa  '  ,FS .  0  , '  ACFTi  M2) 

3000  FORMAT!  1X,F7 . 1 ,  1  MSN  ',13,'  AWAITING  RESCUE  AT  Ml, 

•  —  MXFAILa'  ,F2 . 0 ,  ACFTi  M2) 

Cl  2343 . 7  RESCUE  MSN  07123  INPUT  FOR  MSN  12343  AT  BASE  3  ACFTi  12 
C12343.7  RESCUE  MSN  OFFLOADED  AT  BASE  3  --  FIXTIM-1234.  ACFTi  IS 
C12343.7  HBN  12343  AWAITING  RESCUE  AT  3  —  MXFAIL-3  ACFTI  4 
END 


111 


C  WHEN  EACH  AIRCRAFT  HAS  COMPLETED  THE  ARRIVAL  CYCLE  AT 
C  A  BASE,  IT  IS  ROUTED  TO  CONTIN,  WHICH  CHECKS  FOR  MORE 
C  LEGS  TO  BE  FLOWN: 

C  IF  MORE  LECS,  ALL  LEG  DATA  IS  SHIFTED  DOWN,  SO  THAT 

C  CURRENT  LEC  DATA  IS  REPLACED  BY  NEXT  LEC  DATA,  ETC. 

C  AS  THE  MISSION  DATA  IS  SHIFTED  DOWN,  VACATED  LEC  DATA 
C  SLOTS  ARE  FILLED  WITH  ZEROS  WITH  ATTRIBUTES  ADJUSTED, 

C  THE  AIRCRAFT  IS  ROUTED  TO  THE  DEPARTURE  CYCLE  FOR  ITS 
C  CURRENT  LOCATION. 

C  IF  NO  MORE  LEGS  (NEXT  DESTINATION  IS  ZERO),  THE 

C  AIRCRAFT  HAS  COMPLETED  ITS  ASSICNED  MISSION  AND  IS 
C  AVAILABLE  FOR  RESCHEDULING.  MISSION  ATTRIBUTES  ARE 
C  "CLEANED  UP"  AND  THE  AIRCRAFT  IS  ROUTED  TO  THE 
C  SCHEDULER. 

C  BEFORE  ANY  MISSION  CONTINUATION  CHECKS  ARE  HADE, 

C  HOWEVER,  MAINTENANCE  CHECXS  ARE  HADE.  FIRST,  NON-ENCINE/ 

C  PROP  SYSTEMS  ("OTHER"  SYSTEMS)  ARE  CHECKED  NEXT,  A 
C  CHECK  IS  HADE  TO  SEE  IF  THE  AIRCRAFT  COULD  BE  EXPECTED 
C  TO  SHUT  DOWN  ENGINES  IF  GROUND  TIME  FOR  OFFLOAD  HAS 
C  ALREADY  EXCEEDED  30  MINUTES,  OR  IF  AN  ONLOAD  IS  SCHEDULED, 
C  OR  IF  THE  AIRCRAFT  HAS  FINISHED  ITS  MISSIONS  BUT  MISSIONS 
C  ARE  WAITINC  AT  THE  CURRENT  BASE,  THEN  THE  AIRCRAFT 
C  IS  ASSUMED  TO  HAVE  SHUT  DOWN  ENGINES,  WITH  A  RISK  OF 
C  PROBLEMS  ON  SHUTDOWN  (THE  MODEL  ASSUMES  THAT  EITHER 
C  ENGINES  OR  PROPS  HAY  HAVE  PROBLEMS,  BUT  NOT  BOTH) 

C  FOR  SHUTDOWN  PR08LEMS ,  THE  MODEL  ASSUMES  THAT  ENGINES 
C  AND  PROPS  ARE  AT  OPERATING  TEMPERATURE  WHEN  SHUT  DOWN, 

C  AND  SO  DOES  NOT  DIFFERENTIATE  BETWEEN  SUMMER  AND  VINTER. 

C  (FOR  ENGINE  START  (SEE  RESTRT)  WINTER  AND  NON-WINTER 
C  AMBIENT  TEMPERATURES  ARE  TAXEN  INTO  ACCOUNT,  SINCE 
C  PROPULSION  SYSTEMS  WILL  HAVE  HAD  A  CHANCE  TO  COOL  DOWN, 

C  AND  PERHAPS  TO  BECOME  COLD-SOAXED. 

C  IT  IS  ASSUMED  THAT  AIRCRAFT  WOULD  BE  ABLE  TO 
C  OFFLOAD  CARGO  EVEN  WITH  PROPULSION  PROBLEMS,  BUT  THAT 
C  ONLOAD  OR  RESCHEDULING  WOULD  PROBABLY  BE  DELAYED 
C  UNTIL  THE  NATURE  OF  PROBLEM  IS  DIAGNOSED  AND  ANY 
C  NECESSARY  REPAIRS  ARE  HADE.  IF  PROBLEMS  ARE  SERIOUS 
C  ENOUGH  TO  REQUIRE  THE  AIRCRAFT  TO  RETURN  HOME,  ONLOADS 
C  ARE  CANCELLED  AND  ANY  CARGO  REMAINING  ON  THE  AIRCRAFT 
C  INTENDED  FOR  SUBSEQUENT  BASES  IS  RETURNED  TO  THE  MAIN 
C  BASE  IN  AN  ABORTED-MISSION  STATUS.  IN  ANY  CASE,  A 
C  MAINTENANCE  PROBLEM  REQUIRES  SOME  TIME  TO  DIAGNOSE  AND/ 

C  OR  REPAIR,  AND  ROUTING  TO  THE  SCHEDULER  OR  TO  THE 
C  DEPARTURE  PHASE  WILL  BE  APPROPRIATELY  DELAYED. 

C  IF  PROBLEMS  ARE  SERIOUS  ENOUGH  TO  GROUND  THE  AIRCRAFT 


c 

AT  AN  ENROUTE  BASE 

.  THE 

"RESCUE"  SEQUENCE  IS  INITIATED 

c 

(SEE  DISCUSSION 

1  UNDER  SUBROUTINE  RESCUE).  GROUNDING 

c 

IS  NOT  ALLOWED 

AT 

BASE  4 

OR  5. 

c 

VARIABLES: 

c 

NACFT 

I  NT 

ACFT  ID  NUMBER 

c 

MSN 

INT 

MISSION  NUMBER 

c 

LOC 

INT 

CURRENT  ACFT  LOCATION 

c 

CNDTIM 

REAL 

TIME  SINCE  ARRIVAL  IN 

c 

OFFLOAD  AREA 

c 

X,  XI, 

Z1 

REAL 

RANDOM  VARIATES 
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c 

SUBROUTINE  CONTIN 

COMNON/SCOM1  /  ATRI B ( 1 00 ) , DD( 100 > , DDL ( 10 0 > , DTNOV, 1 1 ,MFA , 
HSTOP , NCLNR , NCRDR , NPRNT , NX BUN , NNSET , NTAFE ,88(100), 
SSL ( 1 00  > , TNEXT , TNOW , ZX ( 1 00 ) 

NACFTaATRIB ( 9) 

HSN«ATBIB(37> 

C  IF  AIRDROP  (BASE  4  OR  3  ON IT)  SHIFT  ATTRIBUTES  AND  ROUTE  TO 
C  ENROUTE. 

IF  ( ATRI 8( 14 > . EQ. 5 . OR . ATRIB( 14 ) . EQ . ( I ) )  THEN 
IF  (ATR!B( 13) . SE. 4)  THEN 
ATR2B(11)>0 
ATR I B ( 1 2 ) a ATR I B ( 1 5  > 

ATRI 8 ( 1 3 )a7 
ATR IB ( 14)a7 
ATRIB(15)al 
ATR I8(ll)«l 
ATRI B( 17 )al 0 
ATR IB(20)al 
DO  10  Ka21 , 34 
ATRIB(X  >a0 
10  CONTINUE 

ATRIB(40 >aZ 

IF  (ZE( 08) . CE . 1 )  PRINT  1000 , TNOW, H8N, 

NINT(ATRIB( 1Z) ) ,NACFT 
CALL  NTRACE(Z) 

RETURN 
ENDIF 
END  IF 

1000  FORHAT<  IE  .  F7 . 1 ,  '  MSN  AIRDROP  COMPLETE  AT  *,U, 

*  ACFTO  Mil 

C  NON-AIRDROP  MISSIONS;  FIRST  CHSCX  MAINTENANCE  PROBLEMS 
LOCaATRIB(lS) 

ATRIB ( 17 ) aO 

C  HZ  CHECK  NOT  PERFORMED  AT  HOME  BASE  —  RECULAR  ME 
C  ROUTINE  TAKES  THIS  INTO  ACCOUNT 
IF  (LOC.EQ.l)  GO  TO  300 

C  CHECK  FOR  "OTHER”  SYSTEM  PROBLEMS;  IF  A  MAZ-EFFORT 
C  LANDINC  HAS  BEEN  MADE,  POSSIBLE  BRAKE/GEAR/TIRE  PROBLEMS 
C  RESULT  IN  A  HIGHER  PROBABILITY  OF  DIFFICULTY. 

ZlaUNFRH<0. ,100. ,1) 

ZlaUNFRM<  0 . ,100.  ,1) 

C  CHECK  FOR  MAZ-EFFORT  PROBLEMS 
IF  < LOC . GE . 4 )  THEM 
C  DELAY  ONLY 

IF  (Zl.LT.t)  ATRIB(17>aTRIAG(0. ,13. ,30. ,1) 

C  ABORT  TO  HOME  BASE  (FLYABLZ)  PLUS  DELAY 
IF  (XI. GT. tit  THEN 
ATRI B( 10 )a3 

ATRI B( 17 ) aTRI AG<  0 . , ZO . ,40. ,1) 

GO  TO  300 

ENDrF 
END  IF 

C  CHECK  FOR  NON-MAE- EFFORT  PROBLEMS 
IF  (LOC.LE.3)  THEN 
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C  DELAY  ONLY 

IF  (Xl.LT.2  3)  ATR I B ( 1 7 ) »TR I  AC  <  0 .  ,13  .  ,30.  ,1) 

C  ABORT  TO  HOME  BASE  (FLYABLE)  PLUS  DELAY 
IF  (El.GT.f9)  THEN 
ATRI B ( 18 ) «5 

ATRIB ( 17  >  aTRI AG ( 0 . ,20. ,40. ,  1) 

GO  TO  300 

END  IF 
END  IF 

C  CHECK  FOR  ENGINE  SHUTDOWN 
CNDTIJUTNOV-  ATRI  B  <  4 ) 

IF  (GNDTIN . LT . 30 . AND . ATRI B<  21 > . LE . 2  >  THEN 

IF  < ATR I B ( 2 3 ) . NE . 0 . OR . NNQ (LOC) . EQ . 0 )  GOTO  300 
END  IF 

C  CHECK  ENGINES  AND  PROPS  FOR  SHUTDOWN  PROBLEMS  (TOTAL 
C  PROB  OF  DIFFICULTY  IS  5%) 

C  CHECK  ENGINES  (TOTAL  PROB  3«) 

X«UNFRN(0. ,100. ,1) 

C  OELAY  ONLY  (2.23%) 

IF  (X.LE.2.23)  ATRI B( 17 > «TRI AG < 0 . , IS .  .  30  .  ,  1 > 

C  GROUNDING  PROBLEM  (0  23%) 

IF  ( Z . GT .91.73. AND . LOC . LE . 3 )  THEN 
ATRIB(10).3 
GO  TO  700 
END  IF 

C  ABORT  TO  HOME  BASE  (FLYABLE)  (0.73%) 

IF  (X.GT.99)  THEN 

ATR!B( 17 )»TRI AG( 0 . ,15. ,30. ,1) 

ATRIB(19)-3 
GO  TO  300 
END  IF 

C  SAME  SEQUENCE  FOR  PROPS  (TOTAL  PROB  2%) 

X-UNFRM(0. ,100. ,1) 

C  DELAY  ONLY  (1.23%) 

IF  (X.LE.1.Z3)  ATRIB(17).TRIAG(0. ,13.  ,30.  ,1) 

C  GROUNDING  PROBLEM  (0.25%) 

IF  (X . GT . 99 . 73 . AND . LOC . LE. 3 )  THEN 
ATRIB(10)-4 
CO  TO  700 
END  IF 

C  ABORT  TO  NOME  BASE  (FLYABLE)  (0.3*) 

IF  (X.CT.99.3)  THEN 

ATRI8(17).TRIAC(0. ,13. ,30. ,1) 

ATRIB ( 18 ) *4 
GO  TO  300 
END  IF 

C  CHECK  FOR  MISSION  CONTINUATION;  IF  NEXT  DEST.0,  MSN  COMPLETE  -- 
C  ROUTE  TO  SCHEDULER  WITH  "CLEAN  SLATE".  IF  MISSION  IS  COMPLETE 
C  CALL  MTRACE(14)  TO  PRINT  MISSION  COMPLETION  HESSACK.  (NOTE: 

C  MSN  COMPLETION  AT  HOME  BASE  IS  CHECKED  AT  BEGINNING  OF  MXHAIN, 

C  IMMEDIATELY  ON  COMPLETION  OF  OFFLOAD.) 

300  ATRIB( 12)«ATRIB( 13) 

IF  ( ATRI B( 23  > . EQ . 0 )  THEN 

IF  (LOC.NB.l)  CALL  MTRACE( 14) 

DO  20  1-19,40 

199 


atribid-o 

20  CONTINUE 

ATR I B 1 1  3  >  ■  0 
ATRIBI14)-0 
ATRIBIlt  >-0 
RETURN 
END  IF 

C  IF  MISSION  NOT  COMPLETE,  SHIFT  ALL  MISSION  DATA  DOWN  ONE  LEG 
C  AND  ROUTE  TO  DEPARTURE. 

25  ATRI B ( 1 3 ) -ATRI B( 2 l ) 

ATRIB< 14)-ATR1BI  22) 

ATR I B  C 1 5  > ■ ATR I B ( 2  3 ) 

DO  30  1-20,20 

ATRIBI I  ) -ATRIBI  U3) 

30  CONTINUE 

DO  31  1-30,32 
ATRIBID-0 

31  CONTINUE 
ATRIBI It) ml 
CALL  MTRACE(2> 

RETURN 

C  A80RTS  TO  HOME  BASE 

C  ABORT  CODE  I ATRIBI 11 )>•  1  LOADED,  NON-HOME  MSN 

C  2  EMPTY 

C  3  LOADED,  THROUGH-HOME  MSN 

C  4  LOADED,  END-HOME  MSN 

C  IF  MISSION  COMPLETE,  CALL  MTRACEI 14) 

300  ATRIBI 2 ) -3 

ATR  IBI1D-1 

IF  I ATRIBI 21) . SO. 0  >  THEN 
CALL  MTRACEI 141 
ATR  IBI1D-2 
ATRIBI 131-0 
ATRIBI 141-0 

ATRIBI37 )-7O0O0+LOC*lOOD+IX 1 30  >  *100*11 1  20 ) 

GO  TO  000 
ENDIF 

C  IF  SCHEDULED  TO  BEGIN  MISSION  AT  CURRENT  BASE  BUT 
C  HAVE  ABORTED,  CANCEL  ONLOAD  AND  RETURN  INTENDED 
C  MISSION  TO  MISSION  FILE  ISPECIAL  CASE:  MISSIONS 
C  INTENDED  TO  RETURN  TO  OR  THROUGH  HOME  BABE  CAN  BE 
C  LOADED) . 

IF  I ATRIBI 13) . EQ . 0 . AND . ATRIBI 14  > . EQ. 0>  THEN 
IP  I ATRIBI 23) . GE. 2)  THEN 

IP  IZEIOI) .GE. 1)  PRINT  2000, TNOV, 

MINT! ATRIBI 37) ) ,LOC,HAC!T 
CALL  RESCH 

ATRIBI 37) -700 00 +IOC *1000+ XX t  30 ) *100* EE 1 20  > 

60  TO  MO 
ENDIF 
ENDIF 

C  FOR  MISSIONS  ALREADY  SCHEDULED  TO  GO  TO  HOME  BASE 
C  WHICH  ABORT,  SHIFT  LEG  INFO  AS  FOR  NORMAL  MISSION, 

C  BUT  SET  ABORT  FLAG  IA11)  TO  3  IF  MORE  STOPS  AFTER 
C  NOME  AND  4  IF  MISSION  WAS  TO  TERMINATE  AT  HOME. 
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C  (THROUGH- HOME  MISSIONS  WILL  BE  COMPLETELY  OFFLOADED 
C  AND  RE-ENTERED  AT  HOME,  SINCE  THE  AIRCRAFT  IS 
C  ASSUMED  TO  BE  IN  NEED  OF  MAINTENANCE). 

100  IF  (ATRIB( 23 ) . EQ . 1 )  THEN 
ATRIB(I3) a ATR I B ( 2 1 ) 

ATRI B( 1 4 ) »AHAX I ( ATRI B( 21 > , ATRI B ( 22) , ATRIB( 25  > ) 

DO  «01  K-20,21 

ATBIB(X) aATR!B( K+  3 ) 

SOI  CONTINUE 

DO  S02  K-30,32 
ATRIB(K)«0 
S  0  2  CONTINUE 

IF  ( ATR 1B(23).GE.2)  THEN 

ATRIB( 21 )aAMAEl ( ATRI B( 21 ) , ATRI B( 22 ) , ATRI B( 23 ) ) 
ATRIB(11)>3 
ELSE 

ATR1B< 11 > *4 
END  IF 
GO  TO  SSI 
END  IF 

C  IF  IN  MID-MISSION,  LEAVE  CARGO  FOR  SUBSEQUENT  BASES 
C  ON  ACFT,  BUT  RESTRUCTURE  ATTRIBUTES  FOR  OFFLOAD  AND 
C  RE-ENTRY  OF  MISSION  AT  HOME  BASE.  (ASSUME  OFFLOAD 
C  FOR  CURRENT  BASE  COMPLETED  AS  PLANKED.) 

ATRIS( 13 )«AMAX1 ( ATRI B( 1 3  >  >  ATRI B( 21 ) , ATRI B( 22) ) 

ATR IB ( 14>«ATRIB( 13) 

ATR!B< 11 )«1 
ATR  I B  (  2  0 )  ■  1 

SIS  ATR I B ( 1 2 ) « ATR I B ( 1 3 ) 

ATRIB(13).l 
ATRIB( IS  >«1 

IF  (EX(IS)  GE. 1)  PRINT  2000 , TNOW,NINT( ATRIB( 37) ) , LOC.NACFT 
CALL  MTRACE ( 10 ) 

RETURN 

C  IF  AIRCRAFT  IS  GROUNDED,  SET  UP  MISSION  ATTRIBUTES  FOR 
C  OFFLOAD  AT  CURRENT  BASE  AND  REENTRY  INTO  MISSION  FILE. 

700  ATRIB( 17)a0 
ATR I B ( 2 ) ■ 3 
ATRIBdS  >«8I 

C  CHECK  FOR  EMPTY  AIRCRAFT  (MISSION  COMPLETED) 

IF  (ATRIB( 23)  .EQ.O)  THEN 

IF  (ATRIB(13>  .GT.O.  OR.  ATRIBdS)  GT.O)  CALL  NTRACE(  14) 
ATRIBdl).! 

ATRIB(13)aO 
.ATRI B( 14 ) «0 

ATRIB(37)«70000+LOC*1000*XX(30>*100*XX(28> 

IP  (XX(SI).GE.l)  PRINT  IOOO,TNOV,NINT( ATRIB( 37 > ) , LOC, 
NACFT 
CALL  MTRACE (I) 

RETURN 

ENDIF 

C  CHECK  FOR  POSITION  LEG,  ABORTING  BEFORE  MISSION  CAN 
C  II  PICKED  UP  (INTENDED  MISSION  IMMEDIATELY  AVAILABLE 
C  FOR  PICKUP  BY  ANOTHER  AIRCRAFT). 

IF  ( ATRII< 13) .EQ.O. AND . ATRIB ( 14) . EO. 0 )  THEN 
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C  IF 


ZOOO 

JOOO 


IF  (XX(»0>  CE.l)  PRINT  3000 ,TNOW.NINT( ATRIS( 37 > > , LOC , 
NACFT 
CALL  RESCH 
ATRI B( 11 >aZ 

ATRI 8( 37 )«70000»LOC* 1000+XX <30) *100*XX (l«) 

CALL  NTRACE(O) 

RETURN 
END  IF 

NONE  OF  THE  ABOVE,  CARGO  MUST  BE  OFFLOADED 
ATRIS( 14 > «AMAX1 < ATRIB( 1 3 ) , ATRIB(22) > 

ATRIBIZI )«ATRIB( 14) 

ATRIBMD-l 

IF  (XX(*8>  GE. 1)  PRINT  3000 ,TN0W,NINT(ATRI8( 37 )), LOC, NACFT 
ATRIB<  37)b70000+LOC*1Q00+XX(30)*10Q*XX(Z8) 

CALL  MTRACE ( • ) 

RETURN 

FORMAT  < IX , F7 . 1 ,  '  MSN  ',13,'  GND  ABORTED  (SHUTDOWN)  AT  *,tl, 
■  ACFT*  Ml) 

FORMAT  ( IX ,  F7 . 1 ,  ‘  MSN  ',13,'  GROUNDED  (SHUTDOWN)  AT  Ml, 

•  ACFT*  Ml) 

END 
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C  SUBROUTINE  RESTRT  CHECKS  FOR  START  PROBLEMS  ON  ANY 
C  AIRCRAFT  WHICH  HAS  SHUT  DOWN  ENCINE8  (CNOTIM  LONGER 
C  THAN  45  HIM).  ACFT  ALREADY  ABORTING  FOR  SHUTDOWN 
C  PROBLEMS  MUST  ALSO  BE  CHECKED  AND  COULD  BE  GROUNDED. 

C  (START  PROBLEMS  AFFECT  ALL  AIRCRAFT,  REGARDLESS.) 

C  SINCE  ENGINES  AND  PROPS  COOL  RAPIDLY  ONCE  SHUT  DOWN, 

C  AMBIENT  TEMPS  CAN  MAKE  A  DIFFERENCE  IN  PROBABILITY 
C  OF  STARTUP  PROBLEMS  OCCURRING  (THE  MODEL  DIFFERENTIATES 
C  BETWEEN  SUMMER  AND  VINTER  FOR  THIS  PURPOSE). 

C  NOTE:  AIRCRAFT  AT  FORWARD  BASES  (4  AND  5)  ARE  NOT 
C  ALLOWED  TO  BE  GROUNDED  BECAUSE  OF  THREAT  AND  MISSION 
C  FLOW  CONSIDERATIONS.  IT  IS  ASSUMED  THAT  IN  VARTIME 
C  AN  AIRCRAFT  COULD  BE  FLOWN  TO  HOME  BASE  EVEN  WITH  SERIOUS 
C  PROBLEMS,  INCLUDING  THE  LOSS  OF  AN  ENCINE  OR  PROP  (MAC 
C  CREVS  PRACTICE  1-ENCINE  TAKEOFFS  FOR  THIS  PURPOSE). 

C  IMMEDIATE  DEPARTURE  FROM  NON-FORVARD  BASES  IS  NOT 
C  CONSIDERED  TO  BE  NECESSARY. 

C 

C  VARIABLES. 


NACFT 

I  NT 

ACFT  ID  NUMBER 

LOC 

I  NT 

CURRENT  ACFT  LOCATI OH 

CNOTIM 

INT 

TIME  SINCE  ARRIVAL  IN 
OFFLOAD  AREA 

X 

REAL 

RANDOM  VARIATE 

SUBROUTINE 

RESTRT 

COMHON/8COH1 /  ATRIS( 100) , DD( 100  > , DDL ( 100  > , DTNOV, II ,HFA, 
MSTOP , NCLNR , NCRDR , NPRNT , NNRUK , NNSET , NT APE ,88(100), 
S8L( 100 ) ,TNEET ,TNOV, XX ( 100  > 

NACFTaATRIK  0) 

LOCaATRIB(lZ) 

IF  (ATRIBOS)  EQ.00)  GO  TO  700 
CNDTIH-1NOV- ATR I B  ( 4 ) 

ATRIB ( 17 ) a0 
ATRIB(IJ)aO 
IF  (GNDTIM. GT. 43 )  THEN 

C  IF  ENGINES  RAVE  BEEN  SHUT  DOWN,  NEED  10  MINUTES  TO  RUN 
C  ENGINE  START  CHECKLIST. 

ATRIB( 17)al0 

C  CHECK  FOR  STARTUP  PROBLEMS 

C  SUMMER  PROBABILITIES  (TOTAL  PROS  OF  DIFFICULTY  4«> 

IF  (EE(ll) .MI. I)  THEN 
ZaUNFRM( 0 . , 1 00 . , 1 > 

C  ENCINES  (TOTAL  1.3%) 

C  ENGINES:  DELAY  ONLY  ( 1%) 

IF  (K.LT.l)  ATRIB(17)aTEIAC(0.  ,80.  ,00.  ,!.>♦ 

ATR I B ( 1 7  > 

C  ENGINES:  GROUNDED  ( . Z8%) 

IF  (E.GT.00.73 .AND. IOC. LE. 8)  THEN 
ATRIB (10 ) al 
GO  TO  800 

END  IF 

C  ENGINES:  ABORT  TO  HOME  BASE  (FLYABLE)  (.751) 

IF  (E. GT. ft )  THEN 

ATRIB ( 17  >aTRI AG( 0 . , 80 . , 00 . ,  1 )« ATRIB ( 17  > 


ATM  B<  It)  >3 
CO  TO  100 

END  IF 

XaUNFRH(  0 . ,100  ,1) 

C  PROPS :  SAME  SEQUENCE  AS  ENGINES  (TOTAL  .75%) 

IF  (E.LT  ( . ZS  >  >  ATR 1 B ( 17  >  »TR I AC ( 0 . ,15. ,4S. ,  1 )  ♦ 
ATR I B ( 17 ) 

IF  < X . GT. It . 73 . AND . LOC . LE . 3 )  THEN 
ATRIB< II ) 

CO  TO  100 

END  IF 

IF  (X.CT.tO.S)  THEN 

ATRI B< 17 ) aTRI AG( 0 . ,30. ,10. , 1 >*ATRIB( 17 ) 

ATRI8< It ) *4 
CO  TO  100 

END  IF 

C  OTHER  SFSTENS,  NON-GROUNDINC  (TOTAL  1.73%) 

XaUNFRHI  0 . ,100. ,1) 

IF  (E.LT. I)  ATRI B ( 17  taTRI AG( 0. ,15. ,43. ,  1 )  ♦ 

ATR  IK  17) 

IF  (X.CT  It.ZS)  THEN 

ATRI B ( 17 ) aTRI AC ( 0 . ,30. ,10. , 1 ) ♦ATRI B( 17 > 
ATBIB< It ) «S 
CO  TO  tOO 

END  IF 

C  VINTER.  SANE  SEQUENCE  AS  FOR  SUMNER,  EXCEPT  IF  GNDT1H 
C  EXCEEDED  00  MINUTES  ADD  IS  MINUTES  FOR  EXTENDED  VARMUP 
C  TIME.  TOTAL  VINTER  PROS  OF  DIFFICULTY  3*:  ENCINES  1.5%, 

C  PROPS  1.0%,  OTHER  13%) 

ELSE 

IF  (CNDTIM . GT . tO  >  ATRIB(17)aX3 
XaUNFRM<  0  . , 1 00 . , 1 ) 

IF  II.lT.l)  ATRIB< 17 > aTRI AC ( 0 . ,30. ,10. , 1) ♦ 

ATRI B( 17) 

IF  < X .GT. 10.73. AND. LOC . LE . 3)  THEN 
ATRIBI It ) at 
CO  TO  tOO 

END  IF 

IF  (X.CT. 00. 3)  THEN 

ATR!B(  17  )  aTRI  ACC  0  .  ,  30  .  ,00  .  ,  1WATRIBU7) 
ATRIBI  It)  a3 
CO  TO  000 

END  IF 

XaUNFRHI 0 . , 100. ,1) 

IF  ( X  .  LT .  (  .  3  3  )  )  ATRI  807)  aTRI  AC  <  0.  ,13.  ,43.  ,1)  + 
ATR 11(17) 

IF  ( X . CT . I • . 07 . AND . LOC . LE . 3 >  THEN 
ATRIBI 10) -4 
CO  TO  000 

END  IF 

IF  (X.CT. tt. 31)  THEN 

ATRIBI 17)aTRI AC( 0 . , 30 . , 00 . , 1 ) ♦ATRI B( 17) 
ATRI B( 10) at 
CO  TO  000 


X»UNFRH(0  ,100  ,1) 

IF  (MT.l.J)  ATRI B(  17 )«TRl AG(  0.  ,  15  .  ,43.  ,  1 )  ♦ 

ATR I B( 17) 

IF  (X.GT.IO)  THEN 

ATR 1 8(17) «TR I  AC ( 0 .  ,  30. ,60. , 1 > ♦ATRIBt 17 ) 

ATRIB  < 18 ) »5 
CO  TO  100 

END  IF 
END  IF 
Emm 

C  IF  AIRCRAFT  ALREADY  ABORTIKC  HAS  NO  START  PROBLENS,  CHECK 
C  VX  BEFORE  GOINC  HONE  (THIS  WILL  BE  AN  UNSCHEDULED  LEG  IF 
C  ORIC  DEST  WAS  NOT  HONE  8ASE ) 

IF  ( ATR 18(11) . EQ . 1 . OR . ATR !B(11> . EQ . 2 )  GO  TO  TOO 
C  NON- ABORTINC  ACFT  OR  ACFT  ABORTING  WITH  LOAD  FOR  HONE 
C  BASE  CONTINUE  SCHEDULED  HI  SSI  ON 
ATRIB(lt)-l 
RETURN 

C  AIRCRAFT  ABORTING  (ON  UNSCHEDULED  LECS  TO  HONE  BASE) 

C  CHECX  WEATHER /THREAT  —  IF  RISK  TOO  HIGH,  WAIT  SO  HINUTES 
C  THEN  TRY  AGAIN,  ELSE  CO.  ASSUNE  THAT  ACFT  WAITING  TO 
C  CO  HONE  WILL  NOT  HAVE  TO  UNDERGO  RISK  OF  RESTART  EVERY 
C  10  HINUTES  (DOUBLE  JEOPARDY)  —  A33«tt  WILL  BYPASS 
C  START  NAL FUNCTION  CHECKS.  IF  ALREADY  AT  HONE  (LOC-l) 

C  ABORTS  AND  GROUNDINGS  ARE  TREATED  THE  SANE  --  OFFLOAD 
C  AND  RE-ENTER  HISSION. 

700  IF  (LOC.EQ. 1)  THEN 

IF  (XXrttl.CE.l)  PRINT  3000,TNOW,NINT( ATRIB( 37) ) , 
NACFT 

ATRIB< 10 )«S9 
RETURN 
END  IF 

ATR IB(lt)«l 
ATRI 8( 33 ) at  0 
CALL  DEDHED(LOC) 

RETURN 

C  AIRCRAFT  ABORTINC  FROM  START  PROBLENS  ENTER  AT  000, 

C  AIRCRAFT  GROUNDED  ENTER  AT  100;  SET  UP  HISSION 
C  INFO  FOR  OFFLOAD  (AT  CURRENT  BASE  IF  GROUNDED  OR 
C  AT  HONE  BASE  IF  ABORTINC).  AIRCRAFT  ALREADY  AT  HONE 
C  BASE  WILL  BE  ROUTED  TO  HONE  BASE  OFFLOAD.  AIRCRAFT 
C  AT  ANY  BASE  WITH  All  (ABORT  FLAC)  -  1  OR  2  ARE  ALREADY 
C  SET  UP  TO  RETURN  HONE  IN  ABORT  STATUS  --  ATTRIBUTES 
C  WILL  NOT  NEED  TO  BE  READJUSTED.  (ACFT  WITH  A11>0  WILL 
C  NEVER  REACH  RESTRT  AT  HONE  BASE,  SO  THE  FROBLEN  OF 
C  ABORTINC  AN  ABORT  AT  HONE  BASE  WILL  NEVER  OCCUR.) 

000  IF  (XX( It ) . GE . 1 )  PRINT  1000 ,TNOW,NINT( ATRI8(37) ) , 

IOC, NACFT 

IF  (ATRIB(ll)  GE. 1)  THEN 
CALL  NTRACI(IO) 

GO  TO  700 
END  IF 

C  CHECK  FOR  EHPTY  ACFT  OR  POSITION  LEC  ACFT  DUE  TO  PICK 
C  UP  HSN  AT  NEXT  BASE. 

IF  <  ATRI B< 13  > . EQ . 0 . AND . ATRI B( 14 ) . EQ . 0  >  THEN 
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IF  ( ATR  11(23)  .CM)  THEN 
CALL  RESCH 

ATRI  B  <  37 ) ■70000+lOC* 1 000+ XI ( 30>*100+XX(2) > 

END  IF 

ATRIBdi  >«2 
ATR I B ( 1 S  )  ■ 1 
CALL  MTRACEdO) 

CO  TO  700 
END  IF 

C  IF  ACFT  HAS  NOT  PREVIOUSLY  ABORTED  AND  IS  COINC  TO 
C  TO  HOME  BASE  WITH  A  LOAD,  SET  ABORT  FLAG  FOR  END-HONE 
C  OR  THROUGH-HOME  MISSION  AND  ARRANGE  CARGO  DATA  FOR 
C  RE-ENTRY  OF  CONTINUATION  MISSION  AT  HOME  BASE. 

IF  ( ATRI B ( 20 ) . EQ. 1>  THEN 
IF  ( ATR IB(23).L8.1>  THEN 
ATRIB(U)»4 
ELSE 

ATR I B <  2 1 ) > AMAI 1 ( ATR I B < 1 3  > , ATR I B ( 2 1 > , ATRI B (12) ) 
ATR IB ( 14 ) >AMAX 1 ( ATR I B( 1 3 ) , ATRI B< 14 ) ,ATRIB(22>) 
ATRIBdi ). 3 
END  IF 

CALL  MTRACEdO) 

GO  TO  700 
END  IF 

C  FOR  ACFT  NOT  ORIGINALLY  SCHEDULED  TO  GO  TO  HOME  BASE  ON 
C  THIS  LEG  (NON-HONE  HSN)  RESTRUCTURE  NISSION  DATA  FOR 
C  OFFLOAD  OF  ALL  CARGO  AT  HOME  BASE  AND  RE-ENTRY  OF 
C  CONTINUATION  NISSION  AT  HOME  BASE. 

DO  >31  X-32, 23,-1 

ATRIB(X) ■ATRIB(R-3) 

>51  CONTINUE 

ATRIB(22)-ATRIB(14) 

ATRI B ( 14 ) aAMAX 1 ( ATRI B ( 1 3 ) , ATRI B ( 14 ) , ATRI B ( 23 ) ) 

ATRIBdi  )>ATRIB(  14) 

ATRIB( 13 )al 
ATRIB(20)al 
ATRIBdi). 1 
CALL  HTRACEdO) 

GO  TO  700 

C  GROUNDED  AIRCRAFT  MUST  OFFLOAD  AT  CURRENT  BASE;  IF  AT  HOME 
C  BASE,  TREAT  AS  ABORT  (OFFLOAD  AND  RE-ENTER  HSN).  IF  ALREADY 
C  ABORTING  AND  All.l  OR  2,  LOAD  IS  ALREADY  SET  UP  FOR  IMMEDIATE 
C  OFFLOAD  AND  RE-ENTRY.  ALL  OTHER  LOADS  MUST  BE  RECONFIGURED 
C  FOR  OFFLOAD  AT  CURRENT  BASE  AND  RETURN  TO  MISSION  FILE. 

C  IF  SCHEDULED  TO  BBC IN  A  NISSION  AT  NEXT  BASE,  THE  INTENDED 
C  NISSION  IS  IMMEDIATELY  RETURNED  TO  THE  MISSIONS  FILE. 

>00  IF  (LOC.EQ.l)  CO  TO  >00 

IF  (XX( M ) . GB . 1 )  PRINT  2000,TNOV,NINT(ATRIB(I7) ) ,LOC, 
MAC  FT 

IF  (ATRIBdi)  EQ.  1  OR. ATRIB(ll)  EQ.2)  GO  TO  >>) 

X.AHAX1 ( ATRIB( 13), ATR IB ( 14 ) ) 

IF  (X.EQ.0)  THEN 

IF  ( ATR !B(23> . NE . 0  >  CALL  RESCH 
ATRIBdi  >.2 

ATRIB( 37).7OOOO+LOC*1OO0+XX (30>*100+XX(2>) 
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CO  TO  ••• 

END  IF 

00  101  K. 32, 13,-1 

ATRI B(K) ■ATRI B<K- 3  > 

CONTINUE 

ATRIB(22)«ATRIB( 14) 

ATRI B( 21 ) aAHAZl ( ATRI B( 13 ) , ATRI B( 14  > , ATRI 8 ( 22) > 

ATRIB( 14>«ATRIB( 21) 

ATR 1 B ( 1 1 ) ■ 1 
•••  ATRI B ( 1# )  ■•• 

ATRIBdS  )»LOC 
ATRIB ( 20 ) »LOC 
CALL  MTRACE(IO) 

RETURN 

1000  FORHAT( IX , F7 . 1 , ‘  MSN  • ,15,'  CKO  ABORTING  (START)  AT  ‘.II. 

■  —  AC FT#  1 ,12) 

C1234S.7  N8N  12345  GND  ABORTING  (START)  AT  3  —  ACFT#  23 
2000  FORMAT(  IX ,  F7 . 1 ,  *  MSN  MS.*  GROUNDED  (START)  AT  *,11, 

*  —  ACFT#  * ,12) 

C1234S.7  MSN  12345  GROUNDED  (START)  AT  3  --  ACFT*  11 
3000  rORKAT(lE,F7.1, 1  MSN  *,15,*  HOME  BASE  START  ABORT1, 

*  —  ACFT#  * ,12) 

C12345  7  NSN  12345  HOME  BASE  START  ABORT  —  ACFT#  22 
END 


C  SUBROUTINE  ENRTE  CHECKS  WEATHER ,  THREAT,  AND  ABORTS,  THEN 
C  ROUTES  AIRCRAFT  TO  APPROACH  EVENT. 

C  ENROUTE  AIRCRAFT  ARE  SUBJECT  TO  WEATHER  AND  THREAT 

C  CONDITIONS  WHICH  NAY  BE  DIFFERENT  FROM  THOSE  UNDER  WHICH 
C  THE  MISSION  WAS  SCHEDULED  IF  ENROUTE  CONDITIONS  EXCEED 
C  THE  RISK  LEVEL  FOR  THE  MISSION,  THE  AIRCRAFT  ABORTS  TO 
C  HOME  BASE  (ASSUMED  POINT  OF  ABORT  IS  MID-LEG)  MAINTENANCE 
C  PROBLEMS  ARE  ACCOUNTED  FOR  BV  A  5%  OVERALL  ABORT  CHANCE  ON 
C  EACH  SORTIE,  WITH  ABORT  OCCURRING  AT  A  RANDOM  TIME  DURING 
C  THE  LEG.  (BECAUSE  OF  THE  DIFFICULTY  IN  ASCERTAINING  WHICH 
C  ZONE  AN  AIRCRAFT  WOULD  BE  IN  WHEN  ACTUALLY  ABORTING,  ABORTING 
C  AIRCRAFT  ARE  ASSUMED  NOT  TO  HAVE  ENCOUNTERED  ANY  THREATS  OR 
C  ADVERSE  WEATHER  BEFORE  ABORTING  >  ANY  AIRCRAFT  RETURNING 
C  TO  HOME  BASE  IN  ABORT  STATUS  (FOR  MAINTENANCE  OR  OTHERWISE) 

C  MUST  OFFLOAD  ITS  CARGO,  WHICH  WILL  THEN  BE  ENTERED  AS  A 
C  CONTINUATION  MISSION. 

C  IF  A  MISSION  ALLOWS  EXPOSURE  TO  EITHER  LOW  OR  HIGH 

C  THREAT  LEVELS,  THE  AIRCRAFT  RUNS  A  CHANCE  OF  BEINC  LOST 
C  TO  ENEMY  ACTION  IF  A  THREAT  EXISTS  AND  CERTAIN  ESCORT  AND 
C  WEATHER  CONDITIONS  ARE  NOT  MET.  THREAT,  WEATHER,  AND  ESCORT 
C  ARE  EVALUATED  ON  A  ZONE-BY-ZONE  BASIS. 

C 

C  VARIABLES: 


c 

ORIG 

I  NT 

LEG  ORIGINATING  BASE 

c 

DEST 

INT 

leg  DESTINATION  BASE 

c 

NACFT 

I  NT 

ACFT  ID  NUMBER 

c 

ETELEG 

rirr 

LEG  ESEOUTE  TIME 

c 

CHKTIM 

REAL 

CHECK  TIME  FOR  WXCHK 

c 

TFAIL 

REAL 

MX  ABORT  TURNAROUND  TIME 

c 

ALLWX 

INT 

DEST  BASE  APPRCH  CAPAB 

c 

WXFLG 

INT 

ENROUTE  WX/ THREAT  INDICATOR 

c 

ZPTR 

INT 

ZONLST  POINTER 

c 

ZONE 

INT 

ZONE  NUMBER 

c 

IWX 

INT 

ZONE  WX  CONDITION 

c 

THRT 

INT 

IF  1,  THREAT  IN  ZONE 

c 

FTRFLG 

INT 

IF  1,  ESCORT  AVAIL 

c 

X,  Y 

REAL 

RANDOM  VARIATES 

C 

SUBROUTINE  ENRTE 

COMHQN/SCOMI /  ATRI B( 100) , DD( 100 ) , DDL ( 100 ) , DTNOW, 1 1 ,MFA, 

MSTOP ,NCLNR ,NCRDR , NPRNT , NNRUN .NNSET.NTAPE , SS( 100 ) , 

SSL ( 100) ,TNEXT , TNOW , XX ( 100 ) 

COMMON/UCOM1 /  ETELSTC Z 5 ) , ZONLST( 1 5  0 ) , BASLST( Z  5 ) 

INTEGER  BTALST, ZONLST, ETELST, BASLST.MSNETA, 

THRT , ORIG , DEST , VXFLC , IT! LEG , ALLWX , FTRFLC , ZPTR , ZONE 
DATA  ZONLST/ 1,3*0, 1 , 2 ,4*0  , i, I, 10, 1*0,1,1,10, I, 2*0, I, 3,4, 3*0, 
Z, Z, 1, 1*0, Z, 3*0, Z, 10, 4*0, Z, 10,1,3*0,2, I, 4, 3*0, 

10, 0,1, 3*0, 10, 2,4*0,10,3 *0,10, I, 4*0, 10, 5, 4, 3*0, 
0,10, 1, 1,2*0, 1,10, 2,3*0,0,10, 4*0, 0,3*0, 0,3, 4, 3*0, 
4,3,1,3*0,4,0,2,3*0,4,3,10,3*0,4,5,0,3*0,4,3*0/ 
DATA  ETELST/  0,  30,  00,150,  00, 

50,  0,  00,120,130, 

00,  00,  0,  00,120, 

130,120,  00,  0,  00. 

00,130,120,  00,  0/ 
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DATA  BASLST/1,2, 3,4,5. 

2,3,4,  1,5, 

3, 2, 4, 1,5, 

4 , 3 , 2 , 1  ,  5  , 

5,1, 2,3,4/ 

ATR  t  B  < 1 6 ) *  1 
ORIGaATRIBtlZ) 

DESTa ATRIBI IS  > 

NACFTaATRIBI  9 ) 

ETELEGaETELBTI I  OR IG-1 > *5*DEST> 

CHXTIMaTNOV+ETELEG / 2 
TF AILa . 5  *ETELEG 
ALLVXaXX I DEST* BO) 

IF  IDEST.EQ  1>  ATRI B ( 40 ) *2 
C  CHECK  MAINTENANCE  ABORT 
XaUNFRHI  0 . , 100  , 1) 

YaUNFHMI  0 .  ,1 .  ,  1) 

IF  IX.LE.5)  THEN 
TFA1 LaY *£T£L£C 
IF  IX.LT.l . 5)  THEN 
ATRIBI lB)a3 

ELSE  IF  (X  CE.1.S.AND.X.LT.3)  THEN 
ATRIBI 1 B ) a4 
ELSE  IF  (X.CE.3)  THEN 
ATRIBI 18 ) a5 
END  IF 

ATRIBI 2) a  3 

IF  IXXIOi)  CE.l)  PRINT  2000 ,TNOV, MINT! ATRIBI 37 >> , 
0RIC,DE3T,NINT( ATR I B I  2 > ) , NINT I ATR I B 1 1 0 ) > ,NACFT 
CO  TO  500 
END  IF 

C  CHECK  WEATHER  AND  THREAT  FOR  ABORT  CONDITIONS  AND  NON- 
C  THREAT  CONDITIONS 

CALL  VXCHKIORIC, DEST, CHKTIM, VXFLC ) 

IF  tVXFLG . EQ . 0  )  GO  TO  100 

IF  IVXFLG . GE . 1 . AND . ATRI B( 40 ) . EQ . 0  >  THEN 

IF  IXXI08) .GE. 1)  PRINT  3000 .TNOW.NINTt ATRIBI 37 )> , 

ORI G, DEST, NINTI ATRIBI 40) ) , VXFLC, NACFT 
CO  TO  500 
END  IF 

IF  IVXFLG. EQ. 3)  GO  TO  100 
IF  I ATRI 8 1  40) . EQ. 1 )  THEN 

IF  IVXFLC.EO.Z.OR.VXFLG.EQ. 5)  THEN 

IF  IXXlfO)  GE. 1)  PRINT  3000, TNOV, NINTI ATRIB 1)7) >, 
OR1G, 0E8T, NINTI ATRIBI40)) , VXFLC, NACFT 
GO  TO  500 
END  IF 
END  IF 

C  THREAT  EVALUATION  BY  ZONES 
DO  50  Ial.0 

ZPTRaIORIC-1 ) *30*IDEST-1 > •• 

ZONE a ZONL STI Z PTR+ I > 

IF  I  ZONE  .  EQ . 0 )  GO  TO  100 
IVXaXXIZONE+40) 

THRTaXX I ZONE+  5  0 > 


IF  <THRT.EQ1.AND.IWX.NE. 2)  THEN 
CALL  FTRCHX ( ZONE , CHKTIM, FTRFLC) 

IF  < FTRFLC. EQ.1>  THEN 

IF  (IVX.EO. 1)  CO  TO  SO 
CO  TO  30 
END  IF 

IF  (IWX.EO.l)  CO  TO  20 
CO  TO  40 

C  LOW- THREAT  ATTRITION  (LOW-LEVEL,  CLEAR  VX ,  NO  ESCORT! 

20  X«UNFRH(  0  .  , 100 . , 1) 

IF  <X  LT.XX(ll))  CO  TO  090 
CO  TO  50 

C  MEDIUM-THREAT  ATTRITION  (LOW  CLOUDS  PREVENT  LOV-LEVEL, 

C  ESCORT  AVAILABLE) 

30  X-UNFRMCO. ,100  .  ,1) 

IF  (X . LT. XX< 12))  CO  TO  999 
CO  TO  SO 

C  HIGH-THREAT. ATTRITION  (LOW  CLOUDS  PREVENT  LOW-LEVEL, 

C  NO  ESCORT) 

40  X«UNFRM(0. , 100  .  ,1) 

IF  (X . LT. XX< 1 3  >  >  CO  TO  999 
CO  TO  SO 
END  IF 
SO  CONTINUE 

C  IF  AT  THIS  POINT,  ENROUTE  PORTION  IS  SATISFACTORY;  SET 
C  ENROUTE  TIME  AND  PROCEED  TO  APPROACH  EVENT. 

100  ATR I B ( 1 B  > « 1 

ATR IB ( 17)*KTELEC 
CALL  MTRACE ( 3 ) 

RETURN 
C  ABORTS 

C  ALREADY  ABORTING 

300  IF  (ATRIB(ll)  CE. 1)  GO  TO  399 

C  ALREADY  HEADED  HOME  WITH  LOAD  FOR  HOME  (OR  FOR  HOME  AND 
C  SUBSEQUENT  DESTINATIONS) 

IF  (ATRIBU5)  EQ.l)  THEN 
IF  ( ATR I B ( 2 3 ) . EQ . 0 )  THEN 
ATRIB( 11)»4 
CO  TO  399 
ELSE 

ATR!B(11)«3 

ATR!B< 14 )sAMAX 1 ( ATRI8( 13), ATRIBC 14) , ATRIB( 22) ) 
ATRIB( 21 ) »ATRIB( 14) 

GO  TO  S99 
END  IF 
END  IF 

C  ON  POSITION  LEC  (MISSION  NOT  YET  PICKED  UP) 

IF  ( ATRISI 13) . EQ . 0 . AND . ATRIB ( 14) . EQ. 0 )  THEN 
IF  (ATRIBCS)  CE.  1)  THEN 
CALL  RESCX 

ATRIB(37)«70000*ORIC*1000*XX<30)*100»XX<24) 

END  IF 

ATR I B ( 1 1 ) ■ 2 
CO  TO  399 
END  IF 
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C  ABORTINC  WITH  LOAD  ON  BOARD  FOR  OTHER  THAN  HOME  BASE 
DO  SOI  1-32,23,-1 

ATR I B  < I ) ■ ATR I B  ( I  -  3 ) 

SOI  CONTINUE 

ATR I B ( 1 1 > - 1 

ATRIB ( 22 ) -ATR I B ( 14 ) 

ATR I B( 14 ) -AMAZ 1 ( ATR1 B (13), ATR IB( 14  > ) 

ATRIB <  20 ) -1 
ATRIB<  21 ) -ATR IB < 14) 

399  ATR I B ( 1 6  > - 1 

C  IF  ABORTINC  ENROUTE  HOME,  ETE  IS  NORMAL  LEG  TIME 
IF  (DEST  EQ.  1)  THEN 
ATR! B< 17 ) -ETELEC 
CO  TO  600 
END  IF 

C  IF  ABORTINC  ON  FIRST  LEC  FROM  HOME,  TURN  AROUND  AT 
C  TIME  OF  FAILURE 

IF  (ORIG.EO  1)  THEN 
ATR I B ( 17) -2*TFAIL 
CO  TO  600 
END  IF 

C  IF  ABORTINC  ENROUTE  FROM  4  OR  S  TO  2  OR  3  (INBOUND  FROM 
C  OUTLYING  BASES)  ETE  TO  HOME  IS  NORMAL  LEC  TIME  TO  BASE 
C  2  OR  3  PLUS  TIME  FROM  2  OR  3  TO  HOME  (ASSUME  OVERFLY 
C  DESTINATION  ENROUTE  HOME) 

IF  (DEST. EQ. 2. OR. DEST. EQ. 3)  THEN 

ATRIB< 17) -ETELEG+ETELST( ( DEST- 1 ) *5* 1 ) 

GO  TO  600 
END  IF 

C  FOR  ALL  OTHER  ENROUTE  ABORTS  (OUTBOUND  TO  OUTLYING 
C  BASES)  TURN  AROUND  AT  TIME  OF  FAILURE,  ROUTE  TO  HOME 
C  VIA  ORIG  BASE  FOR  THAT  LEC;  ETE  IS  DOUBLE  TIME  TO  TURN- 
C  AROUND  POINT  PLUS  TIME  FROM  LEC  ORIC  BASE  TO  HOME. 

ATRIB( 17)-Z*TFAIL+ETSLST( (ORIC-l)*3*l) 

C  PRINT  ENRTE  ABORT  MESSAGE  AND  RESET  DEST  AS  HOME  BASE 
600  IF  (EE( 99 ) . CE . 1 )  PRINT  4000 ,TNOV,NINT(ATRIB(37> ) , 

ORIC, DEST, ATRIBU7)  ,NINT(ATRIB(11>  >  ,NACFT 
ATR!B( 13 >-l 
RETURN 

C  LOST  AIRCRAFT:  IF  ENROUTE  TO  BECIN  A  MISSION,  RETURN  THAT 
C  MISSION  TO  THE  MISSION  FILE.  OTHERWISE,  ENTIRE  MISSION  LOST. 

999  IF  ( ATRI B< 13 ) . EQ . 0 . AND . ATRI B( 14 ) . EQ . 0 . AND. ATRIB ( 23 > . CE . 1 ) 

THEN 

CALL  RESCH 
ATRI B(  37) -09  9  91 
END  IF 

IF  (ATRIB(37)  CE. 1 . AND. ATRIB( 37) . LT. 60000)  XX ( 23 > -XX ( 23 >♦ 1 
XX ( 1)-XX( 1 >-l 
XX  (  Z ) -XX  (  2  )  - 1 

PRINT  1000, CHXTIM, ZONE, ORIC, DEST, NINT(ATRIB(37)) ,NACFT 
PRINT  100 1,NINT( ATRIB (40)) , IWX.FTRFLC 
ATRIB ( 16 )>0 
RETURN 

1000  FORMAT( IX , F7 . 1 , '  AC FT  LOST  IN  ZONE  ',IZ,' 

'  DEBT-', II,'  HSN-'.IS,  '  ACFTt  Ml) 


ORIC-' ,11 


1001  FORMAT ( 3  3X , 'MBISK* 1 , 1 1 ,  '  VX-Ml.*  ESCORT-  ‘,I1> 

C12345 . 7  ACFT  LOST  IN  ZONE  10  --  ORIC-1  DEST-Z  MSN-1Z143  AC FT*  1Z 
C  MRISX-Z  VX-3  ESCORT- 0 

Z000  FORMAT! IX, F7  1,  *  MSN  MS,*  ABORTING  ENRTE  (MX)  Ml, 

*  TO  Ml,  *  —  MX-*,  II,*  MXFAIL-  '  ,  II ,  '  ACFT*  *  ,  IZ) 

C1Z34S.7  MSN  SZ0Z4  ABORTING  ENRTE  (MX)  1  TO  3  —  MX-3  MXFAIL-4  ACFT*  1 
3000  FORMAT!  IX  ,  F7 . 1 ,  *  MSN  *  ,  13  ,  *  ABORTING  ENRTE  (THRT)  Ml, 

'  TO  *,I1,*  —  RISK-*, II,*  VXFLG- ',11,'  ACFT*  * , I Z ) 

C1Z345.7  MSN  74301  ABORTING  ENRTE  (THRT)  1  TO  4  —  RISK-1  VXFLG-3 
4000  FORMAT!  IX ,  F7 . 1 ,  *  MSN  *,IS,*  ABORTING  ENRTE  Ml,*  TO  Ml, 

*  —  ETE-  *  ,  F4 . 0  ,  *  ABORT-*,  II,  *  ACFT*  M2) 

Cl Z 343  7  MSN  Z4003  ABORT1NC  ENRTE  Z  TO  S  —  ETE-1Z3.  ABORT-4  ACFT*  Z3 
END 
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SUBROUTINE  APPRCH 

C  AFTER  COMPLETION  OF  ENROUTE  PHASE,  AIRCRAFT  MUST  EXECUTE 
C  APPROACH  TO  DESTINATION  BASE.  ALTHOUGH  THE  WEATHER  WAS 
C  CHECKED  WHEN  THE  MISSION  WAS  SCHEDULED,  IT  COULD  POSSIBLY 
C  HAVE  CHANCED;  THEREFORE,  THE  APFRCH  EVENT  RECHECXS  THE 
C  WEATHER  FOR  THE  CONCERNED  BASE  IF  THE  BASE  HAS  APPROACH 
C  AIDS  SUITABLE  FOR  THE  WEATHER,  THE  AIRCRAFT  IS  ALLOWED  TO 
C  LAND;  IF  NOT,  IT  IS  ALLOWED  TO  TRY  THE  APPROACH  WITH  A 
C  SHALL  CHANCE  OF  "BREAKING  OUT"  IN  TIME  TO  LAND.  IF 
C  THE  APPROACH  IS  NOT  SUCCESSFUL,  THE  AIRCRAFT  IS  ALLOWED 
C  MORE  TRIES  DEPENDING  ON  ITS  RISX  CATECORY  —  RISK  LEVEL 
C  0  GETS  i  TRY,  LEVEL  I  GETS  2  TRIES,  AND  LEVEL  Z  GETS  3 
C  TRIES  < IT  IS  ASSUMED  THAT  RISX  LEVEL  WILL  ROUGHLY 
C  CORRESPOND  TO  MISSION  PRIORITY.)  TIME  BETWEEN  APPROACH 
C  TRIES  IS  IS  MINUTES.  IF  AN  AIRCRAFT  CANNOT  LAND  WITHIN 
C  ITS  ALLOTTED  TRIES,  IT  ABORTS  TO  HOME  BASE  FROM 
C  OVERHEAD  DESTINATION. 

C  AIRCRAFT  ABORTING  FROM  THE  APPROACH  EVENT  ARE  AUTOMATICALLY 

C  ASSIGNED  A  RISK  CATEGORY  OF  2  AND  MUST  "TAKE  THEIR  CHANCES* 

C  TRYING  TO  CET  BACX  HOME.  DIVERSIONS  ARE  NOT  ALLOWED  IN  THIS 
C  VERSION  OF  THE  MODEL;  IN  ANY  CASE,  DIVERSIONS  FROM  FORWARD 
C  BASES  ARE  USUALLY  TO  REAR  BABES,  FOLLOWING  THE  RULE  OF  THUMB 
C  THAT  ABORTED  LOADS  FOR  OUTLYING  BASES  ARE  RESCHEDULED  MUCH 
C  MORE  EASILY  FROM  MAIN  BASES  THAN  FROM  OTHER  FORWARD  BASES. 

C  THIS  IS  SIMILAR  TO  THE  "HUB-AND-SPOXE"  SYSTEM  USED  BY  MANY 
C  AIRLINES,  IN  WHICH  LOADS  BETWEEN  POINTS  ON  THE  "RIM"  ARE 
C  NORMALLY  ROUTED  THROUGH  THE  "HUB" . 

COMMON/ BCOH1 /  ATRIB( 100 ) . DD< 100 > , DDL ( 100 > , DTNOW, 1 1 ,HFA, 

M8T0P , NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NT APE , SS < 1 0 0 > , 

SSL ( 1 0 0  > , TNEXT , TNOW , XX ( 100 ) 

INTEGER  OR1G , DEBT, WXFLG 
CALL  MTRACE ( I > 

ATR I B  < 1»>-1 
ORIC.ATRIB(IZ) 

DEST-ATRIB<13) 

IF  (DEST. EQ . 1 . OR . ATRI B ( 1 1 ) . GE . 1 )  CO  TO  100 
C  CHECX  WEATHER  AT  DEST  IASX 

CALL  WXCHX ( OR I G, DEST, TNOW, WXFLG) 

IF  (WXFLG. CE. 3)  THEN 
XaUNFRMI 0 . , 100 . , 1 > 

C  25%  CHANCE  OF  SUCCESSFUL  APPROACH  IF  BELOV  MINS 
IF  (X.LE.ZS)  GO  TO  100 

C  IF  NO  MORE  TRIES,  ABORT;  IF  MORE  TRIES,  ROUTE  TO  15-MIN 
C  REPOSITIONING  LEC . 

IF  (ATRIB(IO) ,CT. (ATRIB(40)*2) >  GO  TO  500 
CALL  MTRACE ( 1 Z) 

ATRIB(10)>ATRIB(1I)»1 
RETURN 
END  IF 

C  SUCCESSFUL  APPROACH 
100  ATR I B  < 1 0 ) a 1 

RETURN 

C  ABORT:  READJUST  MISSION  ATTRIBUTES  FOR  RETURN  TO  MISSION 
C  FILE 

500  IF  ( ATR I B < 1 3 > . EQ . 0 . AND . ATR IB(14).EQ.0>  THEN 
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IF  (ATRIB! 23  > . CE . 1 )  CALL  RESCH 
CO  TO  981 
END  IF 

00  901  I *32 . 23  ,  -1 

ATRIB ( ! ) «ATRIB( I- 3 ) 

901  CONTINUE 

ATRIB(11)-1 

ATRI B< 14  >aAHAS 1 ( ATRI B( 13), ATR!B( 14  >  > 

ATR I B  (  2  0 )  *  1 

ATRIB ( 21 ) «ATRI B< 14  > 

988  ATR I B ( 1 2 ) ■ ATR I B  < 19) 

ATRIB! 19 )al 
ATR  I B  <  1 1 )  •  I 
ATRIB<«0>»2 
CALL  NTRACE  < 1 1 ) 

RETURN 

END 


til 
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SUBROUTINE  MTRACE(I) 

C  IF  XX ( 98 )  SET.  PRINTS  MISSION  TRACE  INFO 
C  1.1  ARRIVAL  (EVENT  17)  10  CNO  ABORT 

C  2  CONTI N  11  ABORT  FR  APPRCH 

C  2  SCHED  12  MISSED  APPRCH 

C  «  DEPART  (EVENT  18)  13  ENRTE  ABORT 

C  3  ENROUTE  14  MISSION  COMPLETE 

C  8  APPROACH  30  ATRIB  DUMP 

C  7  MSN  ENTRY 

C  8  ABORT 

C  9  GROUNDED 

C  NOTE:  MANY  “EMBEDDED"  PRINT  STATEMENTS  ARE  INCLUDED  IN  THE 
C  VARIOUS  SUBROUTINE  LISTINGS ;  SEVERAL  OF  THESE  ARE  CONNECTED 
C  WITH  MISSION  TRACING  AND  ARE  ALSO  CONTROLLED  BY  XX(99).CE.l. 

C  OTHER  EMBEDDED  PRINT  STATEMENTS  ARE  CONTROLLED  BY  XX(«8). 

C  SCHED  AND  SCHSET  PRINT  STATEMENTS  ARE  CONTROLLED  BY  XX (97). 

C  FOR  A  COMPLETE  TRACE  OF  MISSION  ACTIVITIES,  SET  XX(98)«1  AND 
C  XX ( 99 >al .  (WARNING:  THE  MISSION  TRACE  ROUTINES  IN  THIS 
C  MODEL  PRINT  DIRECTLY  FROM  THE  FORTRAN  CODE  AND  THEREFORE  USE 
C  THE  FORTRAN  PRINT  LIMIT  WHICH  MUST  BE  SET  WHEN  THE  FORTRAN 
C  CODE  IS  COMPILED  THE  PROGRAM  MAY  “BOMB*  IF  THIS  LIMIT  IS 
C  NOT  SET  TO  AT  LEAST  3000  LINES  PER  RUN  TO  BE  TRACED  —  SAMPLE 
C  FOR  3  RUNS:  FTN3 , 1 -SOURCE , B-MAIN, LO-O , ANSI-0 , PL-23 000 . 

C  THE  SLAM  TRACE  AND  OUTPUT  ROUTINES  ARE  COVERNED  BY  THE 
C  SLAM  PRINT  LIMIT,  WHICH  IS  SET  BY  THE  SLAM  CONTROL  CARD  — 

C  SEE  BEGINNING  OF  NETWORK  LISTING  IN  APPENDIX  A.) 

C 

COMMON/ SCON1 /  ATRI 8( 100 > , DD( 100 > , DDL ( 1 00 ) , DTNOW, 1 1 ,HFA, 
N8T0P , NCLNR , NCRDR , NPRNT , NNRUN , NNSET , NTAPE , SS ( 1 0  0 ) , 

SSL ( 100 ) ,TNEXT ,TNOW, XX ( 100 ) 

NACFT- ATR I B ( 9 ) 

IORtC-ATRtB( 12) 

LON-ATRIK 1 3  > 

LOFF-ATRIB( 14) 

I DEBT- ATR I B ( 1 3 ) 

MX-ATRI8(2> 

HFLY«ATRIB( 3) 

HCDAY-TNOW- ATR I B ( 1 0 ) 

MTOT-TNOW- ATRIB ( 1 ) 

HSRT-ATRIBI 34  > 

MCND-ATRI B ( 34 ) 

HARKA-ATRI B ( 1 ) 

HARXC-ATRIB(IO) 

MX ■ ATRIB ( X) 

NXT0N-ATRI8( 21 ) 

NXTOFF-ATRI B( 22  > 

NXTDEST-ATRIK  29) 

MRDY-ATRI B( 33) 

HSN-ATRIB( 37 ) 

MPRI-ATR1 B( 39 ) 

MRISX-ATRIB( 39) 

NDEST3 -ATR I B ( 2  9 ) 

NDEST4-ATRI8( 29) 

NDEST3-ATRIB( 32) 

L SVC- ATRIB (17) 


MMRISK«ATRIB(4> 

MMPRI-ATRIB(S) 

MMRDY-ATRIB(l) 

MM0N-ATR1 B( 21 ) 

MMOFF*ATRIB( 22) 

MNONZ-ATRlB( 24  > 

MHOFFZ-ATRIB< 23) 

MNSN-ATRIB(3> 

MORIO-ATRIBCO) 

HXFAIL.ATRIB(IB) 

NABORT-ATRI8 ( JO 

C  STAT  COLLECTION:  SOKE  STATISTICS  ARE  COLLECTED  ON  CALLS  TO 
C  MTRACE 

IF  (I . EQ . 1 )  CALL  C0LCT( ATRI B ( 34 > , 9 ) 

IF  (I.EQ.4)  CALL  COLCT(ATRlB( 34) , < IORIC+3 ) > 

IF  (I . EQ . 3 . AND . MSN . CT . 0 . AND . (MSN . LT . 10000 . OR 
MSN. CT. 80000))  THEN 
STAT12-TN0V-MRDY 
CALL  COLCTC  ST ATI 2, 12) 

END  IF 

IF  (I  EO. 14. AND  MSN. CT. 0  AND  (MSN . LT. 80000 . OR 
MSN. CT. 80000))  THEN 
STAT11-TNOV-MRDY 
CALL  COL CT(STAT1 1,11) 

END  IF 

C  MISSION  TRACS 

IF  (11(88)  CE. 1)  THEN 

IF  (I.EQ.l)  PRINT  1000 ,TNOV,HSN. IDEST, I ORI G , LON , LOFF , 
NITON, HSRT 

1000  FORMAT  (U,F7.1,'  MSN  ’,13,'  ARR  Ml.*  FROM  ',11, 

•  ON-', II,’  OFF-', II,'  NITON-’, II,'  SORTIE-', 14) 

C12345  7  MSN  12143  ARR  1  FROM  3  --  ON-1  OFF-1  NITON-2  SORTIE-1234 
IF  (I.EQ.Z)  PRINT  2000, TNOV, MSN, IORIC, IDEST, LON, LOFF, 
NITON, NITDEST 

2000  FORMAT  <1X,F7.1,'  MSN  ',15,'COKTIN  '.II,'  TO  ',11, 

'  —  ON- ',11,'  OFF- ' ,11,'  NITON- ',11,’  NITDEST- ', I l ) 
Cl 2345. 7  MSN  12343  CONTIN  1  TO  3  —  ON-1  OFF-1  NITON-1  NITDEST- 1 
IF  (I.EQ.l)  PRINT  3000, TNOV, MSN, IDEST, NITDEST, NDE8T3, 
NDEST4 , NDEST3 , MPR I , MRDY , LON , NACFT 
IF  (I.EQ.3)  PRINT  1001 ,MFLT ,MCDAT ,MTOT 

3000  FORMAT  (1X,F7.1,’  MSN  MS,’  SCMSD*  ,3(11,11),  ’  --  MPRI-', 

II,’  MRDT- ’,15,’  ON-’, II,’  ACFT0  ',12) 

3001  FORMAT  (If X , 'TFLT- ’ , 14 , '  TCREV-',I4,'  TTOT-’,I3) 

C123457  MSN  12143  8CHED  1  2  1  4  3  —  HPRI-1  MRDT-12343  ON-1  ACFTil 
C  TFLT-1214  TCREV-1 2 14  TTOT-12345 

IF  (I.EO.4)  PRINT  4000, TNOV, MSN, IORIC, IDEST, LON, 

L OF F.MCND, NACFT 

4000  FORMAT  (1I.F7.1,'  MSN  MI,’  DIP  Ml,’  FOR  ’,11, 

■  —  ON-', II,'  OFF-', 11,'  CNDTIM-' ,15.  ’  ACFTt  M2) 
C12145 .7  MSN  12343  OEP  1  FOR  5  —  ON-1  OrF-1  CNDTIK-12143  ACFT0  12 
IF  (I.EQ.3)  PRINT  3000 , TNOV, MSN, IORIC , IDEST, LSVC , NX 
3000  FORMAT  (IX.P7.1,'  MSN  ’,13,’  INROUTE  FROM  Ml,'  TO  ’, 

11,'  —  ETE-'.Il,'  MX-’, II,'  ON- ’,11) 

C12143.7  MSN  12143  ENROUTI  FROM  1  TO  2  —  ETE-121  MI-1  ON-1 

IF  (I.EQ.O)  PRINT  0000, TNOV, MSN, IDEST, MX, NASORT, NACFT 
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<000  FORMAT  (1X.F7.1,'  MSN  BEGIN  APPR  TO  Ml, 

1  —  MX-Ml,'  ABORT.*, II,  ACFT*  M2> 

C12345.7  MSN  12343  BEGIN  APPR  TO  1  —  ME. I  ABORT. 0  ACFTt  23 

IP  (I.EQ  7)  PRINT  70  00  , TNOV , HMSN , HOR I G , MMPR I , MMRDY , HMR I  SR 
IF  (I.EQ. 7)  PRINT  70  0 1 .MORIC ,NZTDEST,NDEST3 , 

NDEST4 , NDEST3 , MMON, MMOFF . MMON2 , MMOFF2 
IF  (I.EQ. 7)  PRINT  70<2,MRISK 

7000  FORMAT  (1S.F7.1,1  MSN  ‘,13,*  ENTERED  AT  *,I1, 

1  —  MPRI.'.Il,*  MRDY.'.IS  1  MRISK. 1 , I 1 > 

7001  FORMAT  (ItX.'lTIN  *,5(11, IX),*  ON.*,Il,*  OFF.*, II, 

'  ON-MI.  '  OFF.'  ,11) 

7002  FORMAT  <liX,*ETE  RETURN  TO  1»',I4) 

Cl 2343 . 7  MSN  12343  ENTERED  AT  1  --  MPRI.l  MRDY- 12343  MRISK.l 
C  ITIN  12343  ON.l  OFF-2  0N.1  0FF.2 

C  ETE  RETURN  TO  1-1000 

IF  (I.EQ. 8)  PRINT  B000 , TNOV, MSN, IORIG , LON, LOFF,MX , MXFAI L 
8000  FORMAT  (1X,F7.1,‘  MSN  *,I5,*  ABORTING  FROM  ',11,'  --  ON.*, 
II,'  0FF.,,I1,‘  MX-'.Il,’  MXFAIL-' ,11) 

Cl  2343 . 7  MSN  12343  ABORT INC  FROM  3  —  ON.l  OFF-2  MX.l  MXFAIL. 4 
IF  (I.EQ.<)  PRINT  <000 , TNOV, MSN, IDEST, MXFAIL 
<000  FORMAT  <1X,F7.1,'  MSN  ',13,'  GROUNDED  AT  Ml, 

*  --  MXFAIL.' ,11) 

C1234S . 7  MSN  12343  GROUNDED  AT  3  —  MXFAIL. 3 

IF  (I.EQ. 10)  PRINT  10000, TNOV, MSN, IORIC. MXFAIL, NABORT 
10000  FORMAT  (1X.F7.1,*  MSN  ',15,*  CND  ABORTING  FROM  ',11, 

'  —  MXFAIL. ' ,11, '  ABORT.', ID 
C12343 . 7  MSN  12343  GND  ABORTING  FROM  3  ~  MXFAIL. 4  ABORT. 4 
IF  (I.EQ. 11)  PRINT  11000, TNOV, MSN, IORIG, MX, NABORT 
11000  FORMAT  (1X.F7.1,'  MSN  ',15,'  ABORTING  OVHD  Ml, 

'  —  MX.' ,11,'  ABORT. ' ,11) 

C123437  MSN  12343  ABORTING  OVHD  4  —  MX-3  ABORT « 1 
IF  (I.EQ.  12)  PRINT  12000, TNOV, MSN. IDEST 
12000  FORMAT  <1X,F7.1,'  MSN  M3,'  MISSED  APPR  AT  Ml) 

C12343.7  MSN  12345  MISSED  APPR  AT  4 

IF  (I.EQ. 13)  PRINT  13000, TNOV, MSN, IORIC, IDEST, MX .NABORT 
13000  FORMAT  <1X,F7.1,'  MSN  MS,'  ABORTING  ENRTE  FR  ',11, 

•  TO  ',11,’  —  MX- Ml,'  ABORT-MI) 

C12343.7  MSN  12343  ABORTING  ENRTE  FR  1  TO  5  —  MX.l  ABORT- 2 

IF  (I.EQ. 14)  PRINT  14000  TNOV.MSN, IDEST, NACFT 
14000  FORMAT!  IX,  F7. 1,  '  MSN  MS,’  COMPLETE  AT  ',11, 

'  —  ACFT#  MX) 

C12343.7  MSN  12343  COMPLETE  AT  3  --  ACFT0  23 
END  IF 

C  RUN  TERMINATION  CHECX.  XX(21)  ■  RUN  TERMINATION  ENABLE  SVITCH 
C  XX ( 22 )  .  MISSION  ENTRY  COUNTER 

C  XX ( 23  >  .  MISSION  COMPLETION  COUNTER 

C  XX ( 24 )  .  TERMINATION  TIME 

C  ALL  VARIABLES  ARE  SET  TO  ZERO  BY  INTLC.  AS  MISSIONS  ARE 
C  ENTERED  (REP(X)  AND  STACK)  XX(Z2)  IS  INCREMENTED;  AS  MISSIONS 
C  ARE  COMPLETED,  XX(23)  IS  INCREMENTED  WHEN  STACK  IS  EXHAUSTED, 

C  XX(21)  IS  SET  TO  1,  STOPPING  ALL  FURTHER  "PRIMARY"  MISSION  ENTRY. 
C  WHEN  MISSIONS  COMPLETE  EQUALS  MISSIONS  ENTERED,  XX(21)  IS  SET  TO 
C  2  AND  THE  SCHEDULER  HOLD  LOOP  ROUTES  AIRCRAFT  TO  THE  TERMINATION 
C  SECTION  OF  THE  METVORK  INSTEAD  OF  TO  THE  lO-MlNUTE  HOLD.  AS 
C  AIRCRAFT  LEAVE  THE  SYSTEM,  THE  NUMBER  OF  AIRCRAFT  (XX (D)  IS 


C  DECREMENTED  AND  U*£  RATE  AND  CREV  STATE  ARE  COLLECTED.  (FOR 
C  DTE  RATE.  CLOSURE  TIME  IS  SET  AT  FINAL  MISSION  COMPLETION  TINE. 

C  (AFTER  CLOSURE,  ALL  "RESCUE"  MISSIONS  AND  DEADHEAD  MISSIONS  WILL 
C  BE  COMPLETED.)  WHEN  THE  LAST  AIRCRAFT  LEAVES  THE  SYSTEM  (SI(i>«0> 

C  AN  ENTITY  BRANCHES  TO  THE  TERMINATOR  NODE. 

IF  ( I  SO. 14  AND. MSN. LT. 10000)  THEN 
XX( Z3>aXX(23 )+l 

IF  (XX(Zl).EQ.l. AND . XX( 22) .EQ.XX(ZS))  THEN 
XX ( 2 1 ) -2 
XX ( 24  >  »TNOV+ 180 
CALL  COLCT(TNOV, 13) 

END  IF 
END  IF 

C  COMPRESSED  ATRIB  DUMP  (ONLY  IF  XX(98).GE.3> 

IF  (XX(98) .GE. 3 . AND. I.EQ. 50)  THEN 
DO  S3  Ja 1 , 40 
NN-ATRIB( J) 

S3  CONTINUE 

PRINT  30000 

PRINT  30001 , (NN( K) , Kal2 , 13 ) , (NN(X> , K-20,32) 

PRINT  30002 

PRINT  30003, (NN(K) ,K«33, 40), NN(1> 

30000  FORMAT! IX , ‘  12  13  14  13  20  21  22  23  24  23  20  27  20  29  30  31  32 ‘ ) 

30001  FORMAT! 12,1713) 

30002  FORMAT( IX , 1  33  34  33  30  37  30  39  40  1') 

30003  FORMAT (IX, 9(13, IX)) 

C  12  13  14  13  20  21  22  23  24  25  20  27  20  20  30  31  32 
C12222320000000000 
C  33  34  33  30  37  30  30  40  1 

C1234S  12343  12343  12343  12343  12343  12343  12343  12343 
ENDIF 
RETURN 
END 
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MISSION  INPUT  DATA  FILE  "MSTACK 


4 


T 


THIS  MISSION  INPUT  APPROX IMATEL Y  REPRESENTS  A  TWO-BATTALION  (PLUS) 
MOVE  FROM  THE  MAIN  BASES  TO  THE  FORWARD  AIRHEAD  ALTHOUGH  PATTERNED 
AFTER  THE  ARCTIC  CIRCLE  EXERCISE.  IT  IS  SUBSTANTIALLY  MORE  DEMANDING 

RELATED  MISSIONS  HAVE  SIMILAR  NUMBERS  FOR  EASE  OF  ENTRY  AND  CHECKING 
COMMENTS  IN  RIGHT  MARCIN  ARE  FOR  EXPLANATION  ONLY  AND  DID  NOT  APPEAR 
IN  THE  MISSION  INPUT  FILE  ACTUALLY  USED 


SEE  LISTING  FOR  SUBROUTINE  STACK  IN  APPENDIX  B  FOR  DETAILS  ON  MSTACK 
MISSION  ENTRY  FORMAT  AND  BASE/LOAD  CODES 
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ITINERARY 

(MIN) 

NO 

PRI 

LEG 

1 

LEG 

2 

LEG 

3 

LEG 

4 

00000 

2 

1000  1 

2 

i 

1 

3 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft  ft  ft 
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ASSAULT  ON  THE  ENEMY  FORCE  AND  ARE  THUS  THE  END  OF  THE  DEPLOYMENT. 
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A  general  tarn  for  air  transportation. 

A  spaeifio  airlift  eaployaent  node  involving 
delivery  of  cargo  or  parsonnal  via  landing 
at  a  dastination  airfiald. 

Airdrop  -  A  spaeifio  airlift  eaployaent  mode  involving 

dalivary  of  cargo  or  parsonnal  via  paraehuta. 
not  naeassarily  at  an  airfiald. 

Airaobila  -  A  ganaral  tara  dasoribing  aovaaant  of  aray 

foreas  by  haliooptar. 

Alaskan  Air  Coaaand  -  Tha  major  air  ooaaand  rasponsibla 

for  tha  air  dafansa  of  Alaska. 

ARCTIC  CIRCLE  -  A  joint  Air  Forea-Aray  fiald  asaroisa  whleh 

sianlatad  tha  aova  of  an  Aray  light  Infantry 
battalion  to  the  western  part  of  Alaska; 
eondnetad  in  April  1990. 

Atto  and  Kiska  -  Saall  islands  at  tha  western  and  of  tha 

Alantian  Chain;  ooonpiad  by  Japan  1942-1941. 

lara-basa  -  Tara  dasoribing  an  airport  with  ainiaal  or 

nonasistant  faeilitias. 

Cannibal isation  ( "oanni ngH >  -  Usa  of  parts  froa  ona  aireraft 

to  rapalr  anothar. 

Chalk  -  An  Aray  load. 

CH-47  -  "Chinook";  Aray  haavy-lift  haliooptar. 

CRAF  -  Civil  Rasarva  Air  Float. 

Closnro  tiaa  -  Tlao  of  eoapiatton  of  tha  last  aission  in  a 

sorias  of  aissioas. 

Cobra  -  Aray  haliooptar  gunship. 

Coabat  offload  — -  Frooadnra  for  offloading  pallatised  oargo 
without  usa  of  NHE. 

Conti nganey  -  In  tha  oontast  of  this  paper,  wartime. 

CONUS  -  Tha  49  contiguous  United  States. 

Eleventh  Air  Foroa  -  Created  at  the  beginning  of  World 

War  II  to  oversee  air  aotivity  in  Alaska; 
later  beoaaa  Alaskan  Air  Coaaand. 

FE8A  -  Forward  Edge  of  Battle  Area;  front  line. 

FNC  -  Folly  Mission  Capable. 

Forward  airhead  -  An  airfiald  (often  oniaproved)  near  a 

battle  area  whioh  oan  be  used  as  a  supply 
point  for  front-line  foreas. 

Forward  area  -  In  Alaska,  tha  northern,  wastarn,  and  south¬ 

western  parts  of  the  theater;  those  areas 
elosest  to  the  northern  and  wastarn  per  last ars 
of  the  thaator. 

GAMA  GOAT  — -  A  sii-wheeled,  artloulated  Aray  all-terrain 
vehiola . 

CCI - Ground  Control  lad  Interoept 

HF  -  High-frequency;  shortwave  radio. 

IFR  -  Instrument  Flight  Rules;  flight  in  nan-visual  ooaditions. 

Instruaant  approaoh  -  A  prescribed  pattern  using  aiaetroaie 

navigation  aids  used  to  position  an  airoraft 
on  the  final  approaoh  to  tha  runway;  in  most 
oases,  only  ona  aireraft  at  a  tiaa  any  assents 
sseh  an  approaoh. 
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JACK  FROST  -  A  biennial  (formerly  annual)  JCS-di rooted 

winter  cseroise  in  oentral  Alaska,  normally 
involving  lots  than  20,000  personnel ,  including 
•apport  ioroii.  and  daaignad  to  tost  gtnoral 
winter  employment  ooneepts  in  a  controlled 
cold-weather  situation.  (Note:  This  esereise 
is  now  called  BRIM  FROST.) 

JCS  -  Joint  Chiefs  of  Staff 

K-loader  -  Special  highly  maneuverable  flatbed  vehiole  used 

to  offload/onload  several  pallets  at  ones; 
a  Z5K-loader  ean  handle  op  to  23000  povnds,  eto. 

Light  infantry - Army  infantry  nnits  with  minimum  mo  tor  1 sed 

support;  roughly  analogous  to  mountain  troops 
and  Intended  to  be  mobile  in  eatremely  adverse 
terrain  with  as  little  logistics  support  as 
possible. 

Low-level  -  Centrally,  visual  flight  below  about  1000  feet 

above  the  ground;  can  include  either  terrain- 
following  or  terrain-avoidanoe  flight;  primary 
concealment  technique  for  airlift  aircraft. 

H-14  -  A  large  simulation  model  used  by  MAC  to  study  the 

worldwide  strategic  airlift  system;  formerly 
known  as  "Colossus". 

MAC  -  Military  Airlift  Command 

Haslmum-ef fort  landing  -  A  landing  which  raquires  heavy  use 

of  brakes  and  reverse  thrust;  sometimes  called 
a  short  field  landing. 

MHB  -  Materials  Handling  Equipment;  forklifts,  X-loaders,  eto. 

Muskeg  ---  A  type  of  terrain  common  in  more  moist  northern  regions 
typically  swampy  and  nearly  impassable,  and  with 
little  or  no  weight-bearing  capability. 

NMC  -  Not  Mission  Capable. 

MORS  -  Mon-Operational ly  Ready  due  to  Supply;  no  longer  used  -- 

replaoed  by  NMCS  (Net  Mission  Capable  due  to 
Supply) . 

Northern  latitude  -  For  the  purposes  of  this  paper,  those 

areas  of  North  America  (inolsding  all  of  Alaska), 
Asia,  and  Europe  north  of  appresimately  S3 
degrees  north  latitude  and  character i sed  by 
sparse  population,  widely  separated  population 
centers,  and  limited  transportation  networks. 

"Outside"  -  Term  used  in  Alaska  to  refer  to  CONVS. 

PNC  -  Partially  mission  ospable. 

Railbelt  -  Term  denoting  the  relatively  developed  area  of  Alaska 

oentered  along  the  Alaska  Railroad. 

RDF  ---  Rapid  Deployment  Force. 

BAC  -  Strategio  Air  Command. 

SKE  -  Stationkeeping  Equipment;  intra-formation  positioning 

equipment  whieh  allows  formation  flight  in 

non-visual  conditions. 

SLAM  -  Simulation  language  for  Alternative  Modeling. 

Special  operations  -  When  referring  to  airlift,  operations 

of  a  semi-elandest ine  nature  usually  requriag 
operations  within  enemy  territory,  often 
employing  speoial  airdrop  and  airland 
techniques . 
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TACET  -  Tactical  Airlift  in  the  Cantral  European  Theater; 

a  simulation  modal  rasulting  from  an  Air  War 
College  Taetieal  Air  Warfara  Study. 

Taetioal  airlift  -  Also  oaliad  intrathaatar  airlift;  airlift 

ussd  within  a  theater,  as  dif farantiatad  from 
strategic,  or  intarthaatar  airlift;  tha  primary 
taetieal  airlift  aircraft  is  tha  C-130  Hareslas. 

TAH  -  Thaatar  Airlift  Hodei;  tha  HAC  version  of  tha  TACET 

modal . 

Terrain-avoidanee  -  Tarm  dasoribing  low-leval  flight  (usually 

by  larger,  lass  naneuverable  airoraft)  which 
amphasiias  avoidance  of  high  terrain  rather 
than  contour-following. 

Terrain-fol lowing  -  Term  dasoribing  flight  which  follows  ground 

oontours  as  closely  as  possible. 

Tundra  -  A  type  of  terrain  oommon  in  traalass  northern  regions; 

in  summer,  vary  soft  and  spongy;  normally  underlain 
by  permafrost  at  depths  of  a  few  inches  to  several 
feet . 

UH-1  -  Light  general-purpose  army  helicopter,  also  known  as  a 

“Huey" . 

VHF  -  Ultra  High  frequency;  airoraft  1 ine-of-sight  radio. 

US  Army,  Alaska  -  Army  counterpart  to  Alaskan  Air  Command. 

Visual  approach  -  A  situation  in  which  the  pilot  positions  the 

aircraft  on  final  landing  approach  primarily 
without  reference  to  electrenio  aids;  generally 
quicker  and  more  fleaible  than  an  instrument 
approach  when  weather  conditions  permit. 

VFR  -  Visual  flight  Rules;  flight  in  visual  oonditlons. 

VHF  -  Very  High  frequency;  aircraft  1 ine-of-sight  radio. 
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nserts,  and  Is  designed  to  allow  considerable  user  flexibility  and  control.  In 
particular,  the  user  can  precisely  define  the  missions  to  be  input  and  can  pre¬ 
set  almost  all  system  parameters,  thus  permitting  examination  of  many  different 
scenarios  and  conditions.  _ 

The  model  was  used  tollnake  an  Illustrative  analysis  of  a  197-mission  Army 
move  to  the  western  perimeter  of  Alaska.  Using  a  32-run  fractional  factorial 
design,  15  factors  were  screened  for  significant  effects  on  the  final  completion 
time  of  the  mission  stream.  With  the  aid  of  a  normal  pnobaility  plot  and  an 
analysis  of  variance,  five  factors  (numbers  of  aircraft  and  aircrews,  length  of 
crew  day,  season,  and  weather)  were  found  to  be  significant.  Aircraft  and  air¬ 
crew  effects  were  then  explored  using  a  triply  replicated  60-cell  factorial 
design  with  graphical  analysis  of  the  results.  The  results  indicated  that 
aircraft  and  aircrews  have  a  complex  but  easily  defined  effect  on  closure  time, 
and  that  optimum  manning  ratios  can  be  readily  identified.  Overall,  the  model 
is  believed  to  be  a  viable  tool  for  analysis  of  the  Alaskan  airlift  system,  and 
perhaps  can  also  be  used  to  draw  inferences  concerning  other  theaters  with 
similar  characteristics. 
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